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CROSS 

TALK 

►  SCR-268  .  .  .  With  this  cryptic  title,  the  Signal 
Corps  labels  its  first  radar  set  designed  in  the  Signal 
Corps  Laboratories  at  Fort  Monmouth  under  the  gen¬ 
eral  direction  of  General  (then  Colonel)  Colton,  built 
by  Western  Electric,  operated  by  the  Army  here, 

:  there,  and  everywhere  in  the  dark  early  days  of  the 
war.  Now  completely  declassified,  the  268  is  ade¬ 
quately  described  for  the  first  time  in  this  issue  of 
Electronics.  The  manuscript  has  been  in  our  safe  for 
months,  properly  passed  by  the  Office  of  Censorship. 
Since  no  definite  policy  on  publication  of  radar  infor¬ 
mation  had  been  formulated,  however,  the  War 
f  Department  felt  that  the  article  should  not  be  pub- 
■  lished  in  spite  of  the  fact  that  the  set  had  been  com¬ 
promised  by  both  Germany  and  Japan  months  ago  and 
in  spite  of  the  fact  that  more  modern  versions  of  radar 
surpass  the  268  in  every  respect. 

As  most  of  Electronics’  readers  know,  a  previous 
^  period  existed  in  which  radar  as  a  subject  could  be 
mentioned  in  print.  Then  censorship  clamped  down 
again,  hard,  because  too  much  was  mentioned  and  im¬ 
plied  in  print  and  because  of  the  incipient  triangular 
duel  over  who  developed  radar — the  Americans  or  the 
British,  the  Army  or  the  Navy,  this  laboratory  or  that 
I  one.  Vieing  with  each  other  in  making  claims  in 
advertising,  manufacturers  threatened,  collectively,  to 
give  away  too  much  information ;  and  so  nothing  what¬ 
ever  could  be  said  for  quite  some  time. 

Then,  in  Chicago,  labor  troubles  developed.  More 
workers  were  needed  to  make  parts  and  assemblies 
used  in  radar.  Manufacturers  wanted  to  state  in  print 
that  jobs  on  radar  were  waiting.  New  permission  was 
granted  to  use  the  term  publicly  provided  there  was 
no  mention  of  how  radar  worked  or  what  it  did. 

^  All  of  this  mystery  whetted  the  appetite  of  the  pub- 
•Cf  the  publishers,  and  of  anybody  else  whose  curi¬ 
osity  was  easily  intrigued.  Here  was  something  new, 
something  wonderful,  and — above  all — something  hot. 
n  the  meantime,  the  SCR-268  had  served  its  purpose ; 
ad  been  captured  with  blueprints  and  operators,  had 
on  made  obsolete  by  new  research. 


There  is  one  other  bit  of  history  that  should  be 
known.  In  the  summer  of  1940,  English  scientists 
came  to  this  country  looking  for  help.  They  put  their 
cards  on  the  table,  telling  American  scientists  every¬ 
thing  that  England  had  up  its  sleeve  in  exchange  for 
information  on  our  new  defensive  and  offensive  de¬ 
vices.  They  asked  one  thing — that  nothing  be  pub¬ 
lished  about  these  matters  until  the  British  were 
ready  because  English  law  makes  it  impossible  to  pro¬ 
tect  oneself  by  patent  on  any  device  that  has  been 
described  in  print. 

The  first  break  in  the  dam  preventing  more  adequate 
publication  of  radar  principles  came  when  R.  L.  Smith- 
Rose  published  two  papers  on  the  subject  in  the  Wire¬ 
less  World  of  London.  Since  then,  considerable  effort 
has  been  made  to  relax  censorship  on  the  whole  subject 
so  that  the  principles  can  become  known  and  can  be  put 
to  much  wider  use  than  in  purely  military  devices. 

An  agreement  has  now  been  reached  on  radar.  Other 
policies  have  been  established  which  will  permit  more 
rapid  and  complete  publication  of  data  on  all  our  war¬ 
time  research.  Thus  much  of  the  fine  work  carried  out 
by  hundreds  of  the  nation’s  be.st  scientists  under 
OSRD  will  become  available  to  the  credit  of  those  who, 
valiantly  and  silently  and  without  acclaim,  have 
labored  so  long  behind  locked  doors.  Much  of  their 
research  will  have  direct  application  to  industry  and 
communications. 

Other  articles  similar  to  the  present  SCR-268  story 
and  much  of  the  hitherto  secret  wartime  electronic 
developments  accomplished  under  OSRD  will  see  day¬ 
light  through  the  editorial  pages  of  Electronics. 

►  U-23.5  .  .  .  There  have  been  many  best-kept  secrets 
of  the  war,  but  none  approaches  the  Manhattan  Proj¬ 
ect,  the  cloud  under  which  the  Army  obscured  its  work 
on  the  atomic  bomb.  News  of  the  bomb  was  released 
just  as  this  issue  of  Electronics  went  to  press.  The 
basic  background,  however,  was  published  in  our  July 
1940  issue  and  is  reprinted  in  the  Electron  Art  depart¬ 
ment  this  month. 


MASS^f-'^ 


lype^DP — a  dependable  unit  for  all¬ 
purpose  ^applications;  quality-checked  by 
continuous  production  sampling  from  raw 
material  to  finished  product.  Facilities  for 
producing  these  units  in  unlimited  volume 
assure  adequate  supply  at  all  times. 

CapacitanceS^lOOO  to  50000  mmfd.;  work¬ 
ing  voltages — 120  to  800  d-c;  sizes— <^20 
and  CN35;  shunt  resistance— 50000 megohms 
at  25*C;  P.F.  as  low  as  0.004  at  1000  cycles. 
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TUBE  BUSINESS 


turers  of  munitions  and  ordnance 
devices  know  that  their  tremendous 
volume  of  business  is  solely  a  war 
phenomenon.  The  same  is  true  of 
the  aircraft  manufacturers. 

It  is  the  writer’s  opinion  that  far 
too  many  men  now  connected  with 
the  sale  and  manufacture  of  elec¬ 
tron  tubes  harbor  the  belief  that 
somehow  or  other  the  present  huge 
demand  for  electron  tubes  will  be 
maintained  at  nearly  its  present 
volume  during  the  postwar  period. 
Many  men,  particularly  engineers, 
who  have  been  active  optimists  and 
enthusiastic  promoters  of  elec¬ 
tronics  over  the  leaner  years  still 
retain  their  faith  and  enthusiasm 
but  now,  in  comparison  with  the 
newcomers,  are  considered  cynical 
and  pessimistic.  What  the  layman 
sometimes  forgets  is  that  electron 
tubes  are  not  consumed  directly  but 
can  be  sold  only  for  installation  in 
new  equipment  or  as  replacements 
for  tubes  that  have  ended  their 
useful  life  in  equipment  being  op¬ 
erated. 

World  War  II  has  been  charac¬ 
terized  by  the  vast  number  of  en¬ 
gine-driven  units,  such  as  tanks, 
planes  and  landing  craft,  that  are 
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being  used.  In  total,  these  are 
known  to  number  many  hundreds 
of  thousands,  and  each  has  at  least 
one  complete  radio  transmitter  and 
receiver. 

In  the  case  of  radio  transmitting 
tubes,  there  are  two  factors  that 
have  inflated  the  tube  requirements 
beyond  the  wartime  increase  in  ap¬ 
paratus  using  them.  The  first  of 
these  arises  from  the  fact  that  the 
useful  life  of  electronic  equipment 
in  wartime  is  bound  to  be  much 
shorter  than  the  obsolescence  life  in 
normal  use.  Experience  has  indi¬ 
cated  that  commercial  electrical 
equipment  is  capitalized  on  a  basis 
of  10  to  20  years.  The  life  expecta¬ 
tion  of  radio  equipment  in  wartime 
is  probably  more  like  these  figures 
in  months  rather  than  in  years. 

The  second  factor  is  the  large 
number  of  spare  tubes  that  must  be 
manufactured  for  each  socket  put 
into  use.  This  is  largely  due  to  the 
fact  that  we  are  engaged  in  a  global 
war.  Tanks,  planes  and  ships  may 
have  to  be  used  and  serviced  in 
huge  numbers  in  dozens  of  localities 
widely  scattered  throughout  the 
world.  Therefore,  spare  and  re¬ 
placement  tubes  have  been  pro¬ 


duced  and  distributed  in  a  ratio  far 
exceeding  that  required  for  normal 
or  peacetime  electronic  devices. 

This  enormous  war  inflation  is 
indicated  in  the  case  of  the  Navy 
by  the  following  paragraph  from  a 
paper  by  Captain  J.  B.  Dow,  Direc¬ 
tor  of  the  Electronics  Division  of 
the  Bureau  of  Ships:’ 

“At  the  end  of  December, 
1941,  the  Navy  comprised  a  total 
of  2082  vessels  and  landing  craft, 
in  each  of  which  at  least  one 
transmitter  and  two  receivers 
were  installed.  As  of  December 
1,  1944,  this  figure  had  risen  as  a 
result  ^of  the  ship-building  pro¬ 
gram  to  37,981.  A  large  carrier 
has  installed  in  it  101  complete 
equipments.  A  small  motor  tor¬ 
pedo-boat  has  seven.  Certain  of 
the  smaller  types  of  landing  craft 
have  as  many  as  13  complete 
equipments;  others  have  as  few 
as  three.  It  is  estimated  that 
since  December  7, 1941,  some  300,- 
000  complete  equipments,  each 
comprising  two  to  15  major  units 
of  equipment,  have  been  installed 
in  these  38,000  vessels  and  land¬ 
ing  craft.” 

Postwar  Estimates 

There  are  a  number  of  ap¬ 
proaches  to  the  problem  of  esti¬ 
mating  the  postwar  demands  for 
electron  tubes.  One  interesting 
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A  FEW  MONTHS  AGO  there  ap¬ 
peared  in  a  leading  New  York 
City  newspaper  the  following  two- 
column  heading:  “Electrons  Now 
Make  Huge  Propellers  For  Our 
Warships  in  700  Percent  Faster 
Time.” 

At  about  the  same  time,  a  well¬ 
rated  popular-science  magazine  en¬ 
joying  a  wide  circulation  contained 
the  following  item: 

“Electronic  rat  trap  operates 
when  a  rat  passing  through  an 
open  tunnel  cuts  an  invisible  ray 
beamed  on  a  photocell.  Trap  doors 
drop  down  at  both  ends  and  the 
rat,  seeing  light  above,  goes  up 
a  ramp  to  a  small  chamber  where 
he  steps  on  a  switch  plate  which 
turns  on  a  current  to  electrocute 
him.” 

Also,  the  writer  recently  received 
a  letter  which  read  as  follows : 

“It  has  been  proposed  to  con¬ 
vert  a  certain  amusement  park 
steam  locomotive  from  a  coal 
burner  to  an  oil  burner  on  account 
of  the  smoke  and  cinder  nuisance. 

“The  miniature  railroad  is  lo¬ 
cated  in  the  .  .  .  area,  the  gage 
of  track  is  16  inches  and  the  loco¬ 
motive  and  tank  weigh  about  one 
ton  in  working  order. 

“My  object  in  writing  to  you  is 
to  in<piire  if  instead  of  using  oil 
as  a  fuel  to  generate  steam  it 
would  be  either  possible  or  prac¬ 


tical  to  install  an  electronic  heat¬ 
ing  device  in  the  fire  box.” 

These  three  instances  are  exam¬ 
ples  of  present-day  fallacies  regard¬ 
ing  electronics,  although  in  the  first 
two  cases  the  publications  could 
hardly  be  criticized  for  printing 
them  or  featuring  them. 

The  first  case,  the  newspaper 
heading,  was  a  report  on  an  engi¬ 
neering  paper  presented  at  a  tech¬ 
nical  society  meeting.  It  described 
an  elaborate  piece  of  equipment  de¬ 
signed  to  do  a  difficult  job  in  a  new 
and  better  way.  If  one  examines 
the  paper  in  detail,  however,  it  is 
to  be  noted  that  only  one  electron 
tube  is  used  per  unit.  The  tube 
could  be  one  of  the  so-called  re¬ 
ceiving  types  and  certainly  would 
not  cost  over  five  dollars.  This  is  a 
case,  therefore,  where  the  amount 
of  tube  business  involved  is  neg¬ 
ligible,  particularly  as  the  industry 
and  operation  covered  by  this  elec¬ 
tronic  application  could  not  pos¬ 
sibly  require  more  than  a  relatively 
few  equipments. 

The  rat  trap  described  in  the  sec¬ 
ond  item  would  undoubtedly  catch 
rats  and  might  be  technically  satis¬ 
factory.  However,  in  spite  of  “the 


better  mouse  trap”  quotation  cred¬ 
ited  to  Ralph  Waldo  Emerson,  it  is 
certainly  not  going  to  be  true  of 
this  inventor  that  “the  world  will 
make  a  beaten  path  to  his  door.” 
This  is  a  case  of  an  electronic  ap¬ 
plication  which  is  simply  way  out 
of  balance  economically.  Electron 
tubes  can  and  do  accomplish  won¬ 
derful  things,  but  electronic  equip¬ 
ment  cannot  be  sold  and  stay  sold 
on  the  glamour  or  publicity  value 
of  the  job  it  is  intended  to  do  or  the 
mere  fact  that  it  is  electronic. 

The  third  case  is  typical  of  how 
mass  advertising  and  publicity 
have  impressed  the  layman  with  the 
unlimited  possibilities  of  electron¬ 
ics. 

Wartime  Phenomena 

Admittedly,  these  are  somewhat 
extreme  examples,  but  to  a  lesser 
degree  they  have  appeared  hun¬ 
dreds  of  times  in  print  over  the  last 
few  years.  They  must  have  cai^ 
many  men  and  concerns  to  look  into, 
the  future  business  possibilities  of 
'  electronics,  particularly  the  manu¬ 
facture  and  sale  of  electron  tubes, 
the  heart  of  such  devices. 

During  wartime  the  manufac- 
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Postwar  ELECTRON 


By  W.  C.  WHITE 

Research  Laboratory 
General  Electric  Company 
Schenectady,  N.  Y. 


Potential  demand  for  receiving,  trans¬ 
mitting  and  industrial  types  is  estimated 
and  compared  with  the  hest  prewar 
year.  The  outlook  for  complete  elec¬ 
tronic  equipment  in  hoth  old  and  new 
categories  is  simultaneously  discussed 


method  is  to  consider  as  a  basis 
the  best  prewar  year.  This  is  un¬ 
questionably  the  year  1937.  During 
that  year  of  good  business,  there 
was  a  big  volume  of  sales  resulting 
from  the  more  than  five  years  of 
depression-deferred  buying.  That 
this  was  a  good  year  for  American 
business  in  general  is  well  estab¬ 
lished  by  the  business  indices.  That 
it  was  a  good  year  for  electrical 
manufacturers  in  general  and  tube 
manufacturers  in  particular  is 
borne  out  by  the  figures  in  the  fol¬ 
lowing  table,  showing  the  common 
stock  per  share  earnings  of  a  num¬ 
ber  of  leading  producers  in  the 
field: 


1935  1937  1939 

Genml  Electric .  $0.97  2.21  1.43 

Hygntde  Sytemnie .  3.31  3.58  3.52 

KenlUd .  1.48  2.31  (d)0.25 

Raytheon .  (d)0.15  0.46  (d)  0.48 

RCA .  (d)0.03  0.42  0.35 

Westinghouee .  4.50  7.66  5.24 


(d)— de/tett 

It  is  very  apparent  from  the 
above  that  1937  was  a  peak  year  in 
comparison  with  either  1935  or 
1939.  The  year  1937  is  also  a  good 
one  to  study  because  the  U.  S.  De¬ 
partment  of  Commerce  Biennial 
Census  of  Manufactures  covers 
1937  as  well  as  1935  and  1939.  The 
following  table,  using  figures  from 
the  census  reports,  shows  for  these 
three  years  the  dollar  volume  of 
electron  tubes  at  the  manufac¬ 
turers’  selling  price: 

1935  1937  1939 

Receiving .  $28,975,216  $39,250,558  $32,946,740 

Transmitting .  1,874,458  3,004,569  2,267,856 

Trans.  Rect .  712,472  542,090  360,674 

Phototubes .  1  nna  7M  190,043  170,110 

Industrial .  935109  2,317,080 

$32,566,945  $43,922,378  $38,062,460 

Note:  The  1639  figuret  for  induttrial  tubee  are  bdieted  to  in¬ 
clude  lubes  for  lAmpeulic  high-frequency  equipmenU  which 
were  induded  uith  tranemitting  tubee  in  1935  and  1937. 

As  noted  above,  the  dollar  figures 
given  in  this  article  are,  as  defined 
in  the  U.  S.  census  reports,  “selling 
values  at  factory  or  plant.”  For 
merchandised  tubes,  therefore, 
there  is  a  large  spread  between  this 
figure  and  list  price.  On  the  other 
hand,  for  small  lots  of  industrial 
tubes  sold  direct,  the  figures  may  be 
the  same  as  list  price. 

A  certain  amount  of  estimating 
and  rearrangement  of  figures  is 
necessary  in  comparing  these  years 
because  the  classifications  covering 
the  period  are  not  uniform.  An¬ 
other  factor,  often  neglected,  which 
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leads  to  an  over-optimistic  picture 
of  the  volume  of  tube  business,  is 
the  ratio  between  the  cost  of  the 
tubes  in  a  complete  piece  of  elec¬ 
tronic  equipment  and  the  total  cost 
of  the  equipment.  For  transmitters 
and  receivers  the  census  report  for 
1937  indicates  a  ratio  of  about  15 
percent.  In  the  case  of  industrial 
and  most  other  types  of  equipment 
using  tubes,  the  percentage  is  even 
lower.  Therefore,  the  total  busi¬ 
ness  in  electronic  equipment  may 
well  be  nearly  ten  times  the  tube 
business. 

Using  the  1937  figures  as  a  basis, 
let  us  study  each  of  the  fields  in 
which  tubes  were  used  in  an  at¬ 
tempt  to  gage  the  tube  business  in 
the  immediate  postwar  years  and 
also  to  make  estimates  for  newly 
developed  uses.  Possible  changes  in 
cost  and  price  levels  cannot  be  taken 
into  account,  of  course. 

In  any  estimates  on  postwar 
business,  it  is  necessary  to  define 
the  time  element  as  carefully  as 
possible.  The  estimates  that  follow 
are  based  on  the  probable  amount 
of  available  business  per  year  for 
-the  first  two  or  three  years  after 
present  large-scale  war-need  manu¬ 
facture  no  longer  exists.  In  appli¬ 
cations  employing  receiving  tubes, 
the  new  sockets  that  will  add  to  the 
demand  for  tubes  can  be  created  in 
a  few  months.  The  same  is  true  of 
tubes  used  by  amateurs  and  ex¬ 
perimenters.  On  the  other  hand, 
the  largest  sizes  of  sealed  ignitrons 
are  used  with  power  conversion 
equipments  that  require  a  year  or 
more  to  engineer,  build  and  install. 
In  this  latter  category  also  come 
new  applications  like  ultra-high-fre¬ 
quency  relaying,  where  much  re¬ 
search  and  experimental  work  must 
be  done,  plus  accumulation  of  some 
actual  operating  experience,  before 
large-scale  manufacture  gets  under¬ 
way.  Therefore,  in  some  cases,  fac¬ 
tors  like  those  mentioned  above  may 
indicate  a  relatively  low  average 
level  for  the  first  three  years,  even 
though  longer-term  prospects  are 
encouraging. 

Another  factor  that  must  be  kept 
in  mind  in  studying  the  probable 
postwar  electron-tube  business  is 
an  increase  in  the  number  of  pro¬ 
ducers.  This  is  referred  to  later  in 
connection  with  certain  of  the  class¬ 
ifications.  Also,  in  the  case  of  most 


of  the  prewar  manufacturers  in 
the  field  the  facilities  available  for 
tube  manufacture  have  of  necessity 
been  enormously  increased  since 
1937. 

Receiving  Tubes 

The  census  reports  show  the 
number  of  receiving  tubes  produced 
as  follows: 


1935  .  78,231,142 

1937  .  112,218.139 

1939  .  109,520,893 


In  1937  practically  all  the  receiv¬ 
ing  tubes  made  in  this  country  came 
from  ten  manufacturers. 

The  War  Production  Board  re¬ 
cently  released  figures  giving  the 
1944  receiving  tube  requirements  as 
144,000,000  and  the  1945  require¬ 
ments  to  be  met  as  180,000,000 
units.  Practically  all  of  the  1944 
production  came  from  eight  manu- 
facturers.  It  is  very  evident  that 
the  huge,  many-fold  wartime  ex¬ 
pansion  in  the  electron-tube  busi¬ 
ness  was  mostly  in  types  not  in  the  r 
receiving  tube  classification. 

The  postwar  readjustment  prob¬ 
lem  is  least  serious  in  the  case  of 
receiving  tubes.  There  is  reason  to 
hope  that  present  unit  volumes  may 
be  pretty  well  maintained,  and  a 
$63,000,000  receiving  tube  business 
is  a  good  probability.  This  is  based 
on  an  assumption  of  35  cents  per 
tube,  which  is  arrived  at  from  the 
census  statistics.  Television  and 
f-m  broadcasting  for  the  first  few 
years  can*  be  expected  to  add  only 
about  10  percent  to  this  figure  (ex¬ 
cluding  picture  tubes).  This  gives 
an  estimated  total  of  $69,000,000 
in  round  figures. 

Another  factor  that  must  be 
taken  into  account  in  connection 
with  the  postwar  receiving  tube 
business  is  the  continued  trend  j 
toward  organizational  set-ups  in-  | 
corporating  both  receiver  and  re¬ 
ceiving  tube  manufacture.  Thus  j 
the  business  available  to  concerns  ^ 
making  only  receiving  tubes  may  | 
be  relatively  smaller  than  prewar. 
Obviously,  more  receiver  manufac-  | 
turers  may  decide  to  make  their 
own  receiving  tubes. 

The  number  of  receiving  tubes 
purchased  by  such  users  as  ama¬ 
teurs,  the  Government,  communica¬ 
tion  companies  and  the  emergency 
service,  although  amounting  to 
sibly  several .  hundred  thousand 
tubes  a  year,  is  hardly  a  factor  in 
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comparison  with  many  millions  used 
for  broadcast  reception. 

Transmitting  Tubes 

Transmitting  Tubes  for  Televi¬ 
sion  and  A-M  atid  F-M  Broadcast¬ 
ing— It  is  in  radio  transmitting 
tubes  that  the  enormous  war  ex¬ 
pansion  in  tube  manufacture  has 
taken  place.  In  1937  ten  manufac¬ 
turers  made  practically  all  the 
transmitting  tubes  used.  Today  this 
number  is  just  about  double. 

The  chief  factor  that  has  swelled 
the  total  for  World  War  II  is  the 
very  large  number  of  special  and 
new  designs  of  high-cost  tube  types 
for  military  applications.  For  these 
tubes  the  usual  ratios  of  dollars- 
per-kilowatt-output  per-year-of -op¬ 
eration  are  much  higher  than  the 
prewar  figure.  In  some  cases  the 
results  obtained  can  support  the 
high  cost  in  commercial  applica¬ 
tions,  but  in  many  others  it  will  be 
prohibitive. 

FCC  reports  indicate  that  on 
January  1,  1937,  there  were  685 
broadcasting  stations  and  this  fig¬ 
ure  had  increased  to  721  at  the  end 
of  the  year.  Thus  the  average  in 
operation  during  1937  may  be  con¬ 
sidered  as  700  for  a  round  figure. 
In  February  of  1945,  there  were 
912  a-m  broadcasting  stations  in 
operation.  In  addition,  as  regards 
f-m,  the  situation  at  the  opening 
of  the  year  1945  was: 

46  operating 

7  under  construction  or  soon  to  be 
constructed 

353  appiications  on  file  with  the  FCC 

This  gives  a  total  of  406  stations 
that  may  be  in  operation  during 
the  early  postwar  years. 

As  regards  television  transmit¬ 
ters,  there  are  nine  now  in  opera¬ 
tion  and  108  applications  on  file 
with  the  FCC,  making  a  total  of  117 
possibilities  for  the  early  postwar 
years.  As  each  television  station 
really  contains  both  an  audio  and 
video  transmitter,  these  may  be 
considered  as  234  transmitters  for 
addition  to  the  a-m  and  f-m  units. 
Thus  for  the  early  postwar  years, 
there  is  the  probability  of  912  a-m, 
406  f-m  and  234  television  trans¬ 
mitters  or  a  total  of  1552  transmit¬ 
ters.  This  is  slightly  over  double 
the  number  of  transmitters  oper¬ 
ating  in  1937. 

There  are  some  factors  tending 
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to  lower  the  tube  maintenance  cost 
in  transmitters  and  some  which  in¬ 
crease  it  for  the  postwar  period  in 
comparison  with  the  year  1937.  It 
must  be  remembered,  however,  that 
less  than  half,  or  about  $1,700,000 
of  the  1937  transmitting  tube  total 
went  to  broadcast  transmitters.  The 
remainder  was  sold  for  use  by  the 
government,  amateurs  and  com¬ 
munication  transmitters  as  well  as 
other  classifications.  Therefore,  a 
doubling  of  volume,  say  to  $3,400,- 
000,  seems  a  reasonable  postwar 
estimate. 

Government  Radio  and  Radar — 
Although  it  is  doubtful  whether 
the  government  will  purchase  very 
large  quantities  of  transmitting 
tubes  in  the  immediate  postwar  era, 
there  will  undoubtedly  be  a  great 
deal  of  developmental  activity  and 
the  building  of  a  limited  number  of 
trial  equipments  for  a  wide  variety 
of  applications.  It  must  be  kept 
in  mind,  however,  that  there  are 
enormous  stocks  of  standardized 
tubes  now  being  accumulated. 

In  1937  the  government  business 
in  radio  transmitting  tubes  was 
probably  about  $500,000.  Doubling 
this  figure,  on  the  basis  that  radar 
has  been  added,  and  then  trebling 
it  for  increased  activity,  a  $3,000,- 
000  business  in  this  field  (exclud¬ 
ing  development)  would  seem  to 
be  an  ample  estimate.  It  must  be 
remembered  that  in  1937  the  sale  of 
such  tubes  was  included  in  the  to¬ 
tals  given  for  transmitting  tubes. 

Power  Tubes  for  Transoceanic, 
Marine  and  Other  Toll  Radio  Com¬ 
munication — Tubes  for  this  use 
were  included  in  the  1937  total.  To 
a  considerable  extent,  the  companies 
using  such  tubes  either  manufac¬ 
ture  them  directly  or  through  sub¬ 
sidiary  companies,  and  therefore 
such  business  can  hardly  be  con¬ 
sidered  as  generally  available.  A 
total  figure  of  $250,000  per  year 
would  certainly  cover  the  field.  Sur¬ 
plus  government  stocks  might  well 
supply  much  of  this  demand  for 
several  years. 

Aids  to  Marine  and  Aircraft 
Navigation^This  is  almost  wholly 
a  new  field  since  1937.  Develop¬ 
ments  in  radar  will  undoubtedly 
provide  numerous  applications. 
However,  unlike  the  war  applica¬ 
tions  of  radar,  peacetime  applica¬ 
tions  would  appear  to  be  very 


largely  for  short  distances  and  of 
low  power,  indicating  that  the  great 
majority  of  tubes  will  be  small 
transmitting  types.  Assuming  1000 
commercial  aircraft  and  6000  U.  S. 
merchant  vessels,  an  estimate  of 
$700,000  would  appear  to  be  ample 
for  this  field. 

Aviation  Communication — Here 
the  great  question  is  the  number 
of  personally  owned  and  operated 
planes  that  will  be  in  use,  plus  an 
added  estimate  as  to  what  propor¬ 
tion  of  these  will  have  radio  com¬ 
munication.  The  CAA  has  esti¬ 
mated  210,700  such  planes  after  the 
war*.  Other  estimates  have  differed 
widely  and  mostly  downward  from 
this  figure.  If  such  communication 
units  do  come  into  use  to  anything 
like  the  extent  indicated  by  the 
CAA  estimate,  then  a  whole  new 
communication  system,  including 
ground  stations,  will  have  to  be 
set  up.  In  general  the  great  major¬ 
ity  of  such  equipments  would  be 
low  power,  including  those  on  the 
ground  and,  therefore,  the  trans¬ 
mitting  tube  cost  per  unit  would 
be  rather  low.  In  view  of  the  time 
required  to  build  up  this  business, 
a  tube  volume  estimate  of  $1,000,- 
000  per  year  for  this  field  for  the 
early  postwar  years  would  appear 
to  be  ample.  This  would  include 
tubes  for  the  transmitters  of  com¬ 
mercial  airline  planes  and  their 
base  stations. 

Mobile  and  Emergency  Use — In¬ 
cluded  under  this  heading  are  not 
only  some  well-established  applica¬ 
tions  but  also  recently  enlarged  or 
suggested  services  such  as  those 
used  by: 

RailroadR  and  car  ferriea 
Fire  departments 

Forest  and  conservation  agencies 
Public  utility  companies 
Bus,  truck  and  taxicab  fleets 
Highway  departments 
Special  commercial  operations,  such  as 
lumbering,  quarrying  and  large-scale 
outdoor  construction 

In  such  applications  as  municipal 
and  state  police,  probably  the  field 
is  50  percent  to  75  percent  satur¬ 
ated.  On  the  other  hand,  the  use  of 
radio  in  connection  with  the  dis¬ 
patching  of  taxicabs,  of  which 
there  are  approximately  48,000  in 
the  U.  S.,  is  practically  untouched. 
It  is  to  be  remembered  that  for  such 
equipment  relatively  small  trans¬ 
mitting  tubes  are  employed.  Cer¬ 
tainly  a  $750,000  annual  business  is 
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an  ample  estimate  for  this  classifi¬ 
cation. 

Radio  Relay  Equipment — This  is 
another  new  application  and  it  is 
impossible  to  predict  the  rapidity 
with  which  it  will  grow  or  the  ex¬ 
tent  to  which  it  will  grow.  Again, 
however,  the  transmitting  tubes 
used  are  of  the  low-power  variety 
selling  for  $5  to  $20  each.  A  total 
of  $500,000  a  year  is  certainly  op¬ 
timistic  for  this  classification. 

High-Frequency  Induction  and 
Dielectric  Heating — Tubes  for  such 
service  are  included  in  the  classi¬ 
fication  of  transmitting  tubes  be¬ 
cause  they  are  so  similar  in  their 
general  ratings  and  sizes.  If  high- 
frequency  heating  is  to  be  commer¬ 
cially  successful  and  is  to  attain  any 
large  volume  it  is  absolutely  neces¬ 
sary  that  the  tubes  have  a  very  long 
operating  life.  Replacements,  con¬ 
sidering  a  three-year  life  and  an 
average  of  two  tubes  per  equip¬ 
ment,  would  be  approximately  700 
tubes  per  year  per  1000  equipments. 
Let’s  assume  that  in  addition  about 
300  tubes  would  be  used  for  instal¬ 
lation  in  new  equipment,  making  a 
total  of  approximately  1000  tubes 
per  year.  This  represents  a  pro¬ 
duction  of  approximately  four  tubes 
per  working  day  and,  assuming  an 
average  figure  of  $100  per  tube, 
there  results  a  business  of  $400  a 
day.  In  this  estimate  the  five-day 
working  week  has  been  assumed 
and,  taking  holidays  into  account, 
this  means  about  250  working  days 
per  year.  This  would  represent  a 
business  of  approximately  $100,000 
a  year  per  1000  equipments  in  use, 
plus  the  300  tubes  estimated  as  the 
initial  complement  in  new  equip¬ 
ments.  It  would  certainly  be  an 
optimistic  estimate  to  triple  these 
figures,  giving  a  total  of  $300,000 
a  year  in  tube  business.  Of  course, 
it  is  possible  that  some  new  develop¬ 
ment  in  this  field  might  result  in  a 
demand  for  a  very  large  number  of 
small  units,  but  in  this  case  the 
tube  cost  per  unit  might  be  only 
one-tenth  that  given  above.  In  this 
classification,  government  surplus 
stocks  may  also  be  a  factor. 

Medical  Field  (Excluding  X- 
Ray) — In  this  classification  there 
are  included  only  tubes  of  the  radio 
transmitting  type  used  to  supply 
high-frequency  output  for  such  ap¬ 
plications  as  heat  therapy,-  cautery 


and  electro-surgery.  During  the 
years  1935  to  1940,  many  hastily 
designed  and  none-too- well-built 
equipments  were  sold  to  doctors, 
hospitals,  health  institutes  and 
gymnasiums.  Today,  probably  more 
of  these  early  equipments  have  been 
scrapped  or  are  standing  idle  than 
are  being  used. 

This  business  now  is  on  a  much 
firmer  foundation  as  regards  both 
its  usefulness  and  design  funda¬ 
mentals,  but  it  may  be  many  years 
before  the  yearly  business  in  tubes 
for  this  field  gets  back  to  the  dollar 
volume  of  the  best  of  the  boom 
years.  This  broad  field,  however, 
still  continues  to  show  promising 
medical  results  and  does  constitute 
a  worthwhile  tube  business.  How¬ 
ever,  the  more  rational  viewpoint 
now  taken  of  its  applications  means 
that  it  is  not  going  to  require  a 
huge  supply  of  tubes.  It  would  cer¬ 
tainly  seem  that  an  estimate  of 
$500,000  per  year  is  ample. 

Diagnostic  equipment,  such  as 
the  electrocardiograph,  electronic 
stethoscope  and  the  electroencephal¬ 
ograph,  is  going  to  be  important 
and  may  well  represent  a  rather 
large  total  of  equipment  business, 
but  the  tubes  used  are  of  the  re¬ 
ceiving  type  and  their  dollar  vol¬ 
ume  is  included  in  that  classifica¬ 
tion. 

Amateurs  and  Experimental — 
For  1939,  sales  of  all  transmitting 
tubes  under  the  50-watt  rating  to¬ 
taled  $272,128  and  rectifier  tubes 
under  the  10-kv  rating  totaled 
$178,837.  For  1937,  the  nearest 
comparable  classification  included 
tubes  ranging  from  5  to  250  watts 
in  size  and  the  total  value  was  $1,- 
520,256.  The  figures  for  rectifier 
tubes  are  even  less  informative  in 
this  field.  On  the  basis  that  half 
the  1939  output  noted  above  went 
to  amateurs,  plus  an  equal  dollar 
volume  of  tubes  in  other  classes, 
and  that  1937  was  a  good  year  and 
50  percent  higher  than  1939,  the  to¬ 
tal  reaches  $700,000  as  a  rounded 
topside  figure  which  would  appear 
to  be  a  satisfactory  postwar  figure 
to  use. 

Tubes  of  the  So-Called  Industrial  Type 

In  1937,  there  were  five  tube 
manufacturers  that  built  the  great 
majority  of  industrial  tubes.  In 
1944,  there  were  at  least  12  compar¬ 


able  tube  producers  in  the  field. 

Thyratrons — Such  tubes,  par¬ 
ticularly  in  the  smaller  sizes  below 
the  rating  of  i  ampere,  will  be  used 
in  relatively  large  quantities  in  in¬ 
dustrial  applications.  The  life  will 
have  to  be  long  for  acceptance  and 
probably  for  a  number  of  years  to 
come  the  new-equipment  market  for 
tubes  will  far  exceed  the  replace¬ 
ment  market.  This  business 
amounted  to  about  $350,000  in  1937, 
but  it  might  well  reach  a  yearly 
total  of  $1,500,000  in  the  early  post¬ 
war  period. 

Sealed  Ignitrons  for  Industrial 
Control — This  field  has  expanded 
tremendously  in  the  past  five  years 
and  many  of  the  tubes  and  items  of 
equipment  now  used  for  war  can  be 
converted  to  peacetime  production. 
A  total  of  $750,000  per  year  would 
appear  to  be  an  optimistic  estimate. 

Ignitrons  for  Power  Conversion 
— Here  the  picture  can  be  likened  to 
a  certain  extent  to  high-frequency 
heating  in  that  a  very  long  tube 
life  is  required.  By  the  end  of  the 
war,  there  may  be  something  like 
2400  sockets  in  service.  On  the 
basis  of  a  three-year  life,  this  rep¬ 
resents  a  renewal  figure  of  approxi¬ 
mately  800  per  year,  which  corres¬ 
ponds  to  a  requirement  of  about 
three  tubes  per  working  day.  This 
field,  particularly  in  the  higher 
power  sizes,  is  much  nearer  a  sat¬ 
uration  point  than  is  the  case  for 
high-frequency  heating.  Let’s  as¬ 
sume  that  five  tubes  per  day,  or 
1250  tubes  per  year,  would  take 
care  of  the  demand,  including  new 
installations.  At  an  average  figure 
of  $200  per  tube,  this  represents  a 
business  of  $250,000  per  year. 


High-Veltage  Rectifiers 


High-voltage  kenotron  rectifiers 
are  used  for  such  applications  as 
dust  precipitation,  cable  testing, 
paint  spraying  and  paint  de-tear¬ 
ing.  This  business  amounted  to 
only  about  $10,000  in  1937.  Cer¬ 
tainly  an  estimate  of  $50,000  is 
ample  for  a  postwar  year.  There  is 
always  a  possibility,  of  course,  that 
some  new  application  in  the  chem¬ 
ical  or  petroleum  industry  will  ere 
ate  a  large  demand  for  tubes  of  this 
type  but  how  soon  such  a  demaiwi 
would  build  up  and  the  number  im 
volved  cannot  be  subject  to  any  r®** 
estimating. 
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The  best  prewar  year  for  photo¬ 
electric  tubes  was  1937,  with  a  to¬ 
tal  business  of  $190,000.  There  is 
reason  to  believe  that  this  will 
steadily  increase  and,  therefore,  an 
estimate  of  $250,000  does  jiot  seem 
over-optimistic. 

In  1937,  there  were  four  active 
manufacturers;  today  there  are  at 
least  six. 

Cathode-Ray  Tubes 

The  two  chief  uses  for  cathode- 
ray  tubes  are  in  oscilloscopes  and 
in  the  field  of  television.  It  seems 
very  improbable  that  for  at  least 
a  few  years  to  come  television  re¬ 
ceivers  will  be  sold  under  an  aver¬ 
age  figure  of  $150.  U.  S.  census  fig¬ 
ures  indicated  sales  of  5654  radio- 
phonograph  combinations  costing 
over  $150  in  1939,  which  for  these 
units  was  a  better  year  than  1937. 
Of  course,  a  television  receiver 
gives  the  purchaser  more  potential 
entertainment.  In  general,  how¬ 
ever,  the  number  of  individuals  in 
television-served  areas  who  will 
purchase  equipment  of  this  sort  at 
a  figure  of  several  hundred  dollars 
is  definitely  limited.  Assuming  a 
figure  of  50,000  cathode-ray  tubes 
for  television  receivers  and  20,000 
for  instrument  use,  or  a  total  of 
10,000,  and  a  figure  of  $15  each,  we 
get  a  total  of  around  $1,100,000. 

In  1937,  there  were  only  two 
manufacturers  who  made  these 
tubes  in  quantity.  Today  there  are 
at  least  ten. 

Miscellaneovs 

Miscellaneous  applications  in¬ 
clude  such  items  as  battery-charg- 
iug  tubes,  regulator  tubes,  indi¬ 
cator  tubes,  tubes  for  ionization 
*^ge8,  ballast  tubes,  automatic 
Iiain-control  tubes  and  many  others 
used  in  relatively  small  quantities. 
A  total  of  $1,000,000  would  be  a 
estimate  for  this  group.  (Tele- 
•*®peater  tubes  and  x-ray 
nes  are  not  included  in  the  scope 
M  this  article.) 

Under  this  general  heading  of 
®J^K€llaneous,  one  might  well  ask 
*  at  of  the  many  tens  of  thousands 
•vacuum  tubes  that  are  going  to 
used  in  the  myriad  of  ingenious 
cvices  that  have  been  described 
the  past  few  years.  The  an- 
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swer  appears  to  be  that  while  it  is 
true  that  there  will  be  tens  of 
thousands  and  maybe  hundreds  of 
thousands  of  these  applications, 
well  over  99  percent  of  them  will 
use  only  standard  receiving-tsrpe 
tubes  and  the  number  so  used  is 
very  small  in  comparison  with  those 
sold  for  use  in  home  radio  receivers. 

The  Export  Field 

The  census  figures  for  the  pre¬ 
war  years  included  tubes  exported. 
The  question  arises,  therefore,  to 
what  extent  the  percentage  of  tubes 
manufactured  during  the  early 
postwar  years  for  export  will  ex¬ 
ceed  the  prewar  percentage  figure. 
There  are  high  hopes  that  this  per¬ 
centage  will  increase  markedly.  To 
offset  this,  however,  it  is  probable 
that  the  war  surplus  stocks  of  tubes 
will  be  found  particularly  suited 
for  use  in  this  field. 

Th*  Time  Element 

In  any  series  of  estimates,  such 
as  in  this  article,  one  of  the  biggest 
uncertainties  is  the  time  element. 
Certain  uses  will  develop  more 
quickly  than  others.  We  have  at¬ 
tempted  here  to  arrive  at  some  fig¬ 
ure  applicable  to  an  early  postwar 
year. 

The  total  output  of  vacuum  tubes 
in  the  U.  S.  over  a  period  of  prewar 
years  has  shown  a  fairly  steady 
growth  and  there  is  no  reason  to  be¬ 
lieve  that  this  normal  growth  has 
approached  saturation  or  even  that 
it  has  reached  its  maximum  rate  of 
growth.  The  whole  question  is :  To 
what  level  will  the  business  drop 
before  resuming  its  steady  growth 
after  the  war  demand  has  been 
terminated? 

In  emphasizing  the  importance 
as  well  as  the  uncertainty  of  the 
time  element,  the  following  quota¬ 
tion  from  an  address  by  Willard 
Chevalier  of  the  McGraw-Hill  Pub¬ 
lishing  Company  seems  most  apt:* 

“The  very  mention  of  the  word 
'electronics’  lays  open  a  vast  field 
for  speculation  as  to  its  particu¬ 
lar  part  in  the  broader  program 
for  technology  in  the  postwar 
world.  Unfortunately  crystal  gaz¬ 
ing  has  its  disadvantages.  The 
prophet  who  looks  into  his  globe 
and  sees  electronics  doing  most 
of  the  work  of  the  home  and  the 
factory  of  the  future  should  have 
another  crystal  ball  handy  into 
which  he  could  peer  and  deter¬ 
mine  the  date  upon  which  these 


developments  will  be  available  to 
the  customers.” 

RaeapitalatioR 

The  following  table  brings  to¬ 
gether  what  may  be  termed  opti¬ 
mistic  figures  given  in  the  preced¬ 


ing  paragraphs : 

Receiving  Tubes  $69,000,000 

Transmitting  Tubes 

Television,  F-M  and  A-M  Broad .  3,400,000 

Government  Radio  and  Radar .  3,000,000 

Transoceanic,  Marine,  Toll .  250,000 

Aids  to  Navigation .  700,000 

Aviation  Cmnmunication .  1 ,000,000 

Mobile  and  Emergency .  760,000 

Radio  Relay .  500,000 

High-Frequency  Heating .  300,000 

Medical  Fidd .  500,000 

Amateur  and  Experimental .  700 , 000 

industrial  Tubes 

Thyratrons .  1,600,000 

Ignitrons  for  Control .  750,000 

Ignitrons  for  Power  Conversion .  260,000 

High-Voltage  Rectifiers .  50,000 

Photoelectric  Tubes .  260,000 

Cathode-Ray  Tubes .  1,100,000 

Miscellaneous .  1,000,000 


$86,000,000 


No  figures  have  been  released  on 
the  total  production  of  electron 
tubes  in  the  United  States  during 
the  past  few  years.  However,  the 
WPB  has  released  figures  on  total 
production  of  military  items  of 
communication  and  electronic  equip¬ 
ment  for  1940  to  1944,  inclusive. 
For  1943  and  1944,  the  yearly 
average  was  $3,000,000,000  or  over. 
On  the  basis  that  10  percent  to  15 
percent  of  this  volume  represented 
tubes  (including,  of  course,  the 
high  ratio  of  wartime  spares)  this 
would  give  a  total  tube  production 
approaching  $400,000,000. 

Editor’s  Note:  Since  this  paper 
was  written,  the  WPB  has  released 
figures  on  electron-tube  production 
for  19^^.  It  shows  a  grand  total  of 
approximately  $U06, 000,000,  which 
is  close  to  the  author’s  estimate. 

If  receiving  tubes  are  subtracted 
from  this  total,  there  would  remain 
at  least  $300,000,000  for  all  types 
as  compared  with  the  $16,000,000 
volume  estimate  for  a  postwar  year. 
This  may  seem  like  a  tremendous 
decline  but  if  compared  with  the 
corresponding  figure  of  a  little  un¬ 
der  $5,000,000  for  1937  it  repre¬ 
sents  a  pretty  healthy  rate  of 
growth. 
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Wire  Splice  Detector 


Steel  wire  is  magnetized  by  passing  it  between  the  poles  of  two  magnets.  The  magnetic 
poles  created  at  discontinuities  trigger  an  electronic  circuit  when  the  wire  is  j)assed 
through  a  detector  coil.  Aural  and  visual  indications  are  given 


The  splice  detector  to  be  de¬ 
scribed  utilizes  magnetic  poles 
created  at  splices  in  steel  wire  to 
operate  an  audible  and  visual  alarm. 

The  wire  under  test  is  magne¬ 
tized  longitudinally  by  passing  it 
through  a  strong  magnetic  field.  It 
is  then  passed  through  a  detector 
coil  in  which  voltages  are  generated 
by  the  motion  of  the  magnetic  poles 
produced  at  the  discontinuities.  The 
voltage  thus  generated  is  amplified 
and  impressed  upon  a  thyratron 
trigger  tube  which  operates  a  buz¬ 
zer,  giving  an  audible  signal.  The 
buzzer  is  also  connected  to  a  tele¬ 
phone  receiver,  which  allows  the 
signal  to  be  heard  in  noisy  loca¬ 
tions.  A  visual  signal  is  provided 
by  a  cathode-ray  tube. 

The  sensitivity  of  the  apparatus 
is  such  that  it  is  possible  to  detect 
a  single-strand  splice  in  paired  wire 
containing  a  total  of  14  steel 
strands. 


General  Descripfion 


By  F.  S.  BIRD 


Dell  Telephone  Laboratories 
Kew  York,  N.  Y. 


The  apparatus  which  makes  up 
the  splice  detector  is  shown  in  Fig. 
1.  The  magnet  assembly,  through 
which  the  wire  is  passed  first,  is 
shown  on  the  right  of  the  photo¬ 
graph.  The  coil  which  responds  to 
magnetic  discontinuities  in  the 
wire  is  shown  at  the  left. 

The  detector  apparatus  is  shown 
in  the  center  of  the  photograph. 
Connection  to  the  115-v  50-60  cycle 
a-c  supply  is  made  at  the  left  end  of 
the  box.  The  telephone  set  is  plug¬ 
ged  in  on  the  right  side.  The  detec¬ 
tor  coil  is  connected  at  the  right 
rear.  The  control  on  the  left  of  the 
front  panel  is  the  power  switch. 
Next  to  it  is  a  switch  used  for  re¬ 
storing  the  circuit  to  normal  after 
the  gas  tube  is  triggered.  The  in¬ 
dicator  tube  is  mounted  so  that  it  is 
visible  through  the  circular  win- 


Field  wire  may  now  be  laid  from  an 
airplane  by  means  of  apparatus  such 
as  this,  shown  being  installed  in  an 
Army  C-47.  The  splice  detector  is  par¬ 
ticularly  valuable  in  checking  such 
wire,  since  discontinuities  are  frequently 
masked  by  insulation 


'8-in.  longitudinal  hole  in  the  bar. 
The  small  size  of  the  hole  insures 
uniform  magnetization  of  the  wire. 
Its  length  prevents  sidewise  motion 
near  the  magnetic  poles. 

The  detector  coil  consists  of  2500 
turns  of  wire  wound  on  a  wooden 
spool,  having  a  i-in.  hole  in  the 
core  for  passage  of  the  wire.  The 
minimum  dimension  of  the  coil  is 
such  that  the  turns  can  be  placed 
in  close  proximity  to  the  wire  which 
passes  through.  The  coil  is  made 
sufficiently  long  to  prevent  voltages 
being  generated  due  to  whipping  of 
the  wire.  The  coil  mounting  is 
made  of  wood. 


Circuit  Details 


dow  at  the  center  of  the  panel.  The 
sensitivity  control  for  the  detector 
is  at  the  extreme  right  on  the  front 
panel.  This  control,  designed  for 
screw-driver  operation  to  prevent 
accidental  changes  in  adjustment, 
determines  the  triggering  point  of 
the  gas  tube.  The  screwdriver  con¬ 
trol  next  to  the  sensitivity  control 
is  used  to  adjust  the  shadow  angle 
of  the  indicator  tube. 

The'  magnet  assembly  consists  of 
two  horseshoe  magnets  having  very 
high  field  strength.  They  are  held 
against  a  square  brass  bar,  with 
the  two  north  poles  facing  each 
other.  The  wire  passes  through  a 


A  schematic  diagram  of  the  de¬ 
tector  circuit  is  shown  in  Fig.  2. 

Volatges  due  to  irregularities  in 
the  wire,  generated  in  the  detector 
coil,  are  fed  into  a  two-stage  volt¬ 
age  amplifier  utilizing  tubes  VTi 
and  VTi.  The  amplifier  output  op¬ 
erates  a  thyratron  trigger  tube, 
FT-,  which  operates  a  buzzer 
through  a  relay. 

The  circuit  constants  of  the  am¬ 
plifier  were  selected  to  obtain  maxi¬ 
mum  gain  consistent  with  good  per¬ 
formance  at  the  frequencies  nor¬ 
mally  encountered,  and  to  obviate 
the  need  of  screen  bypass  capaci¬ 
tors.  Excellent  stability  is  achieved. 
Filtering  is  employed  in  the  input 
circuits  of  each  stage  to  attenuate 
high-frequency  voltages  picked  up 
in  the  coil.  It  has  been  found  that 
minute  magnetic  irregularities  m 
the  wire  cause  such  high-frequenc.v 
voltages  to  be  generated,  and  these 
voltages  might  trigger  the  th.vW' 
tron  were  it  not  for  the  inptt 
filters. 

The  normal  frequency  of  an  i®' 
pulse  generated  at  wire  splices  t-' 


10  to  30  cps,  depending  upon 
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FIG.  1 — The  equipment,  complete  with  built-in  power  supply.  The  mag- 
netizer  is  at  the  right,  the  detector  coil  ot  the  leit  and  the  ampliiier-trigger- 
indicator  unit  at  the  center.  Single-strand  splices  in  paired  wire  containing  a 
total  of  14  steel  strands  are  readily  located 


speed  of  the  wire  as  it  travels 
through  the  coil. 

The  thyratron  detector  is  a  gas 
tube.  The  plate-circuit  d-c  relay 
operates  on  10  milliamperes.  Re¬ 
sistor  is  placed  in  series  with  the 
relay  winding  to  restrict  the  plate 
current  of  the  thyratron  to  the 
limits  of  the  relay  winding,  the 
tube  and  the  power  supply.  There 
is  also  a  normally-closed  switch 
in  the  plate  circuit,  the  operation 
of  which  will  restore  the  trigger 
circuit  after  the  tube  has  operated. 
The  sensitivity  control  Pi,  in  the 
trigger  tube  input  circuit,  permits 
the  bias  on  the  grid  to  be  varied 
through  a  range  of  0  to  12-volts 
negative,  for  close  adjustment  of 
trigger  action. 

A  visual  signal  is  obtained 
through  the  use  of  the  indicator 
tube  VTt,  which  is  connected  to  the 
output  of  the  amplifier  in  parallel 
'rith  the  trigger  tube.  The  shadow 
angle,  w’hich  varies  to  indicate 
voltage  changes,  has  a  sensitivity 
adjustment  from  0  to  20-volts  nega¬ 
tive,  through  Po. 

Transformer  T  has  a  center- 
tapped  high-voltage  secondary 
^ated  at  650  volts,  40  milliamperes. 
Two  gaseous  type  regulator  tubes 

Tiand  VT,  are  connected  in  series 
^ross  the  output  of  the  rectifier 
tube  VTi,  and  maintain  a  substan- 
constant  potential  of  210 


volts.  The  filtering  resistors  Rt, 
were  selected  so  that  the  current 
through  the  regulator  tubes,  with 
the  plate  circuits  to  the  test  set  dis¬ 
connected,  was  approximately  30 
milliamperes.  It  is  essential  that 
the  voltage  regulators  be  operated 
near  their  maximum  rated  current 
with  minimum  load  current  on  the 
set. 

Operation 

When  using  the  splice  detector,  it 
is  essential  that  the  magnet  be 
placed  in  line  with  the  coil  and 
separated  from  it  by  approximately 
three  feet,  in  order  to  prevent  stray 


Oscillogram  showing  the  nature  oi  the 
amplilied  pulse  produced  when  a 
lapped  splice  passes  through  the  de¬ 
tector  coil 


magnetic  fields  from  influencing 
the  coil.  It  is  also  necessary  to 
polarize  the  magnet  and  the  coil 
properly.  The  magnets  and  the  coil 
should  be  so  related  that  the  initial 
voltage  generated  in  the  coil  will 
impress  a  positive  voltage  on  the 
grid  of  the  trigger  tube,  thereby 
reducing  the  negative  bias  on  the 
grid  and  causing  it  to  fire.  The  time 
constants  of  the  circuit  are  such 
that  if  the  negative  half-cycle  of 
the  voltage  is  impressed  first,  the 
full  effect  of  the  succeeding  positive 
half-cycle  is  not  realized  and  the 
circuit  is  less  sensitive  and  unre¬ 
liable  in  operation. 
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The  SCR-268  RADAR 
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Developed  before  the  war  by  the  Signal  Corps,  the  SCR-268  has  seen  service  on  all  fronts 
detecting  enemy  aircraft,  directing  searchlights  and  guns  toward  them.  Surpassed  in  per¬ 
formance,  and  captured  by  the  Germans  and  Japanese,  it  may  now  be  described 


ON  THE  EVENING  of  May  26, 
1937,  Mr.  Harry  Woodring, 
the  Secretary  of  War,  stood  with  a 
group  of  officers  and  civilian  scien¬ 
tists  on  a  field  of  the  Signal  Corps 
Laboratories  at  Fort  Monmouth, 
New  Jersey.  Before  them,  spread 
over  the  field,  were  the  transmitter 
and  receivers  of  a  radio  detector, 
the  SCR-268  prototype.  Connected 
with  the  radar  were  the  controls 
of  a  standard  anti-aircraft  search¬ 
light. 

As  prearranged,  an  Army  air¬ 
craft  flew  over  the  field  in  the 
darkness.  Three  enlisted  men,  view¬ 
ing  oscilloscopes,  put  the  radar  “on 
target”  and  tracked  it  across  the 
sky.  When  tracking  was  estab¬ 
lished,  the  command  was  given  to 
light  the  searchlight.  As  the  light 
pierced  the  darkness,  the  aircraft, 
caught  in  the  beam,  became  visible 
to  those  on  the  ground. 

The  next  day,  orders  were  given 


to  move  the  equipment  to  a  remote 
corner  of  Fort  Hancock,  where  se¬ 
crecy  could  be  better  preserved.  In 
the  eight  years  that  have  inter¬ 
vened,  secrecy  has  been  the  watch¬ 
word  of  radar  development.  But  in 
November  1944,  the  SCR-268  was 
reduced  in  classification  from  “con¬ 
fidential”  to  “restricted”.  By  that 
time,  the  equipment  had  been  cap¬ 
tured,  with  crews  and  instruction 
books,  by  the  Germans  and  the 
Japanese.  Moreover  it  had  been  far 
surpassed  by  later  radar  equip¬ 
ments.  While  still  in  use,  the  268 
was  obsolescent,  almost  antique. 

When  the  editors  of  Electronics 
first  approached  Signal  Corps  au¬ 
thorities  for  permission  to  describe 
the  SCR-268,  they  were  asked  “Why 
do  you  want  to  describe  that  set?” 
The  answer,  not  obvious  to  those 
working  in  the  radar  field,  is  that 
the  greater  part  of  the  electronics 
industry  has  never  seen  a  radar 
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FIG.  1 — ^Artist*!  sketch  illustrating  a  typical  setup,  including  power  supply  and 
tronspwting  trucks 


set,  or  a  technical  description  of 
one,  in  any  form.  The  SCR-268,  by 
virtue  of  its  early  development  and 
wide  employment  in  the  war,  is  not 
only  a  significant  milepost  in  radar 
development,  but  the  first  radar  to 
reach  such  a  venerable  position  that 
describing  it  would  offer  no  aid  or 
comfort  to  the  enemy. 

Basie  Elements 

A  radar  detects  the  presence  and 
position  of  objects  by  means  of  re¬ 
flected  radio  waves.  In  the  case  of 
the  SCR-268,  the  “object”  is  ordin¬ 
arily  an  aircraft,  and  the  radio 
waves  are  projected  in  sharp  bursts 
or  “pulses”  at  a  rate  of  4098  per 
second.  A  pulse  is  transmitted 
every  244  microseconds.  Each  pulse 
is  of  extremely  short  duration,  ap¬ 
proximately  six  microseconds.  Be¬ 
tween  pulses,  there  is  a  period  of 
about  240  microseconds  during 
which  the  radar  receivers  may  de¬ 
tect  the  echoes  reflected  from  the 
target  aircraft. 

When  the  radar  detects  a  target, 
the  position  of  the  aircraft  is 
indicated  in  three  coordinates, 
known  as  the  slant  range,  the  eleva¬ 
tion  (or  angular  height),  and  the 
azimuth.  The  slant  range  is  the  dis¬ 
tance  from  the  radar  to  the  target 
The  elevation  is  the  vertical  angle 
subtended  at  the  radar  by  the  target 
and  the  ground  plane.  The  azimuth 
is  the  horizontal  angle  subtended  at 
the  radar  by  the  target  and  true 
north.  The  target  coordinates  are 
illustrated  in  Fig.  1. 

The  radar  measures  the  range  of 
the  target  by  timing  the  interval 
between  transmission  of  a  pulse  and 
reception  of  the  echo.  Since  radio 
waves  travel  at  a  velocity  of  0.186 
miles  per  microsecond,  for  each 
microsecond  in  the  interval  the 
wave  travels  0.186  miles  round  trip 
from  radar  to  target  and  back.  Ac¬ 
cordingly,  the  distance  to  the  target 
is  0.093  miles  for  each  microsecond 


FIG.  2 — The  SCR-268  radar,  seen  from  the 
back  or  control  position,  showing  the  azi¬ 
muth  receiving  array  at  the  left,  the  eleva¬ 
tion  receiving  array  at  the  right  and  the 

transmitting  array  in  the  center 

in  the  interval.  If  the  measured 
interval  between  transmission  and 
reception  is  100  microseconds,  the 
range  of  the  target  is  9.3  miles.  The 
maximum  interval  which  can  be 
accommodated  is  the  interval  be¬ 
tween  pulses,  or  about  240  micro¬ 
seconds.  Consequently,  the  maxi¬ 
mum  detection  distance,  as  deter¬ 
mined  by  the  pulse  interval,  is 
0.093  X  240  =  22  miles.  Sufficient 
power  in  the  transmitter  and  sensi¬ 
tivity  in  the  receivers  are  provided 
to  produce  a  discernible  echo  from 
an  aircraft  at  this  distance. 

The  azimuth  and  elevation  angles 
are  measured  by  noting  the  angles 
at  which  the  receiving  arrays  are 
pointed  with  respect  to  true  north 
and  the  ground  plane  as  the  target 
is  observed.  In  the  SCR-268  two 
directive  receiving  aerials  are  pro- 
'^ded,  the  azimuth  and  elevation 
arrays.  The  reception  pattern  of 
^0  azimuth  array  is  a  fan-shaped 
0?ure  with  a  long  vertical  axis.  The 
pattern  of  the  elevation  array  is 
similar,  but  rotated  through  90  de- 
that  is,  the  long  axis  is 

•horizontal. 

The  target  information  gathered 
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FIG.  3 — Simplified  block  diagram  ihowing  basic  components  of  the  equipment 


by  the  radar  is  transmitted  auto¬ 
matically  to  control  circuits  which 
keep  the  searchlight  or  anti-aircraft 
gun  trained  in  the  direction  (azi¬ 
muth  and  elevation)  indicated  by 
the  radar.  Thus  when  the  radar  is 
on  the  target  the  searchlight  or  gun 
is  also  on  the  target  and  can  il¬ 
luminate  or  fire  at  the  will  of  the 
artillery  officer. 

The  reflection  of  radar  signals  is 
a  highly  inefficient  process.*  The 
power  radiated  in  the  pulse  dis¬ 
perses  with  the  square  of  the  dis¬ 
tance  as  it  travels  to  the  target,  and 
the  power  in  the  echo  disperses  at 
the  same  rate  as  it  returns  to  the 
radar.  It  follows  that  the  power 
available  to  actuate  the  receivers 
falls  off  as  the  fourth  power  <  f  the 
distance  to  the  target.  This  i  pans 
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that  an  increase  of  16  times  in 
power  (12  db)  is  required  to  double 
the  maximum  range  of  a  radar 
viewing  a  given  target  in  empty 
space.  Thus  an  aircraft  which  is 
easily  visible  at  5  miles,  using  mod¬ 
erate  power  and  receiver  sensitiv¬ 


ity,  may  be  completely  invisible  at 
20  miles. 

This  reasoning  points  to  the 
necessity  of  employing  the  highest 
possible  power  in  the  transmitter 
and  the  greatest  possible  sensitivity 
in  the  receiver.  In  the  SCR-268, 
the  peak  power  of  the  pulses  is  75 
kilowatts,  and  the  receivers  are 
sensitive  to  a  signal  power  of  0.1 
of  a  micromicrowatt  (10'“  watt). 
Judged  by  pre-war  standards,  these 
are  remarkable  achievements  at  the 
frequency  (205  me)  at  which  the 
radar  operates.  But  by  present 
standards  the  transmitter  power  is 
not  outstanding,  and  the  receiver 
performance  is  poor.  Nevertheless, 
the  power  and  sensitivity  are  ade¬ 
quate  to  detect  aircraft  at  distances 
up  to  22  miles,  provided  the  air¬ 
craft  is  not  too  close  to  the  horizon. 

General  Description 

The  SCR-268  is  pictured  in  Fig. 
2.  The  radar  components  are 
mounted  on  a  trailer.  In  addition, 
four  large  trucks  are  required,  one 
supplying  primary  power,  another 
supplying  high  voltage  for  the 
transmitter,  and  two  for  the  trans¬ 
portation  of  the  radar  components. 

The  trailer  consists  of  a  rotatable 
pedestal  which  carries  three  an¬ 
tenna  arrays.  From  left  to  right 
as  seen  from  the  back  of  the  equip¬ 
ment,  these  are  the  azimuth  receiv¬ 
ing  array,  the  transmitter  array, 
and  the  elevation  receiving  array. 
Behind  each  receiving  array  is  the 
corresponding  receiver.  Atop  the 
pedestal  is  the  transmitter.  Directly 
below  the  transmitter  are  three  os¬ 
cilloscopes,  with  bucket  seats  in 
front  of  them.  Here  the  three  opera¬ 
tors  observe  the  azimuth,  elevation 
and  range,  turning  handwheels 
which  keep  the  radar  pointed  at  the 
target.  The  handw’heels  are  con- 


FIG.  5— Simplified  schematic  of  the  modulator,  which  produces  wave  forms 

shown  in  Fig.  6 


September  194S  —  ELECTRONICS 


i 


Fig. 

are 

tion, 

I  one 
ither 
the 
•ans- 
ents. 
table 
an- 
•ight 
luip- 
ceiv- 
rray, 
rray. 
i  the 
I  the 


nected  also  to  the  converter  which 
transmits  the  target  coordinates  to 
the  associated  searchlight  control  or 
gun  director.  On  the  ground  beside 
the  trailer  are  the  keyer  and  modu¬ 
lator  units  which  drive  the  trans¬ 
mitter. 

The  SCR-268  weighs  82,315 
pounds,  complete  with  all  auxiliaries 
and  trucks.  It  consumes  15  kva  of 
power.  Despite  these  large  figures 
it  can  be  (and  has  been)  set  up  and 
ready  for  operation  within  a  few 
hours  of  being  put  ashore  at  a 
beachhead. 

The  block  diagram.  Fig.  3,  shows 
the  flow  of  the  signal  through  the 
equipment.  At  the  left  are  the 
transmitter  components,  which  com¬ 
prise  a  separate  group.  The  keyer 
establishes  the  basic  timing  of  the 
transmitted  pulses  at  4098  per  sec¬ 
ond  and  produces  the  short  (3  to  9 
microsecond)  pulses  which  drive  the 
modulator.  The  modulator  raises 
the  power  level  of  the  keyer  output 
and  applies  modulating  pulses  to  the 
transmitter.  The  transmitter  is  a 
self-excited  tuned-plate  tuned-grid 
oscillator  consisting  of  16  tubes  in 
a  ring  circuit.  The  transmitter 
output  is  applied  to  the  transmit¬ 
ting  array,  which  radiates  a  beam 
of  circular  cross  section  approxi¬ 
mately  10  degrees  wide. 

When  the  transmitted  beam  en¬ 
counters  a  target,  the  echo  is  re¬ 
turned  to. the  two  receiving  arrays. 
The  directivity  of  these  arrays  is 
about  12  degrees  in  the  azimuth  ar¬ 
ray  and  9  degrees  in  the  elevation 
array.  Ey  means  of  receiving  an¬ 
tenna  “lobe  switching”,  to  be  de¬ 
scribed  later,  the  directivity  in  azi¬ 
muth  and  elevation  is  refined  to 
about  ±:1  degree  in  each  coordinate. 

The  signal  received  by  the  eleva¬ 
tion  array  is  passed  to  the  elevation 
receiver  and  thence  to  two  cathode- 
ray  indicators.  One  indicator  dis¬ 
plays  the  range  of  the  target,  the 
other  the  elevation.  Both  are  “type 
A”  indicators,  that  is,  they  are  es¬ 
sentially  similar  to  a  conventional 
test  oscilloscope.  The  cathode-ray 
beam  is  driven  by  a  sweep  circuit 
at  constant  speed  from  left  to  right. 
The  echo  signal  from  the  associated 
receiver  is  applied  to  the  vertical 
Reflection  plates  so  that  the  beam 
>8  deflected  upward  whenever  an 
echo  is  received.  At  the  left  end  of 
the  oscilloscope  trace  the  trans¬ 
mitted  pulse  appears.  This  estab- 
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FIG.  6 — Modulator  wave  forms,  obtained  by  means  of  the  circuit  shown  in 

ng.  5 


lishes  the  “zero”  of  the  time  scale.  The  azimuth  receiver  is  connected 
The  distance  from  the  transmitted  to  a  similar  oscilloscope  which  dis- 
pulse  to  the  echo,  measured  on  the  plays  a  split  image  produced  by 
range  indicator,  gives  the  distance  shifting  the  pattern  of  the  azimuth 
to  the  target,  or  range.  array.  The  operator  at  this  indi- 

The  elevation  indicator  is  similar,  cator  adjusts  the  orientation  of  the 
except  that  two  echoes  are  dis-  azimuth  array  until  the  two  pulses 
played,  slightly  displaced  from  one  in  the  split  image  are  of  equal 
another.  The  two  echoes,  known  as  height.  The  azimuth  array  is  then 
the  “split  image”,  are  produced  by  pointed  at  the  target  within  1  de- 
shifting  the  directivity  pattern  of  gree  accuracy, 
the  elevation  array  slightly,  at  a  The  remaining  items  shown  in 
rapid  rate,  by  the  receiving  antenna  Fig.  3  are  the  repeaters  and  con- 
lobe-switching  method.  The  oper-  verters  which  transmit  the  target 
ator  adjusts  the  elevation  array  un-  information  in  suitable  form  to  the 
til  the  two  echoes  in  the  split  image  searchlight  or  gun  director.  The 
have  the  same  height.  The  array  is  principal  electronic  component  here 
then  pointed  directly  at  the  target  is  the  range  unit,  which  introduces 
within  the  one-degree  error  previ-  a  time  shift  in  the  deflection  cir- 
ously  mentioned.  cuits  of  the  range  indicator.  When 
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FIG.  7 — Simplified  schematic  of  the  SCR-268  ladar  transmitter,  showing  just 
four  of  the  sixteen  type  lOOTS  tubes  used  in  a  ring  circuit 


the  operator  turns  the  range  hand- 
wheel,  the  radar  echo  is  moved 
horizontally  on  the  indicator  screen. 
This  permits  the  echo  to  be  placed 
over  a  specific  reference  point, 
from  which  the  range  may  be  read 
accurately.  The  range  accuracy  of 
the  SCR-268  is  plus  or  minus  200 
yards. 

The  high  voltage  power  rectifier 
supply  for  the  transmitter  is 
mounted  in  a  separate  truck  as 
previously  mentioned.  This  latter 
rectifier  has  a  capacity  of  500 
milliamperes  at  15,000  volts.  Since 
the  output  drain  on  this  power  sup¬ 
ply  is  confined  to  periods  less  than 
nine  microseconds  long,  with  240 
microsecond  intervals  between 
them,  the  filter  required  is  not 
large. 

The  Keying  Unit 

The  heart  of  the  radar  is  the  key¬ 
ing  unit,  which  establishes  the  basic 
timing  of  the  system.  The  keyer 
must  first  establish  the  rate  at 
which  the  pulses  are  sent  out,  4098 
per  second.  Secondly,  it  must  pro¬ 
duce  individual  pulses  of  the  requi¬ 
site  short  duration,  and  it  must  pre¬ 
vent  any  undue  variation  in  the 
length  of  successive  pulses. 

The  output  of  the  keyer  is  used 
to  drive  the  modulator  tubes,  which 
are  cut  off  between  pulses  by  a 
heavy  negative  bias.  The  keyer  out¬ 
put  is,  therefore,  a  positive  pulse 
capable  of  overcoming  this  negative 
bias  and  driving  the  modulator 
grids  well  into  the  positive  region. 
These  requirements  add  up  to  a 
formidable  total.  The  keyer  must 
provide  an  accurately  timed  pulse  of 
from  three  to  nine  microseconds 
length,  and  of  some  3500-volts  peak 
amplitude.  This  requirement  is  met 
by  the  use  of  eleven  tubes  in  the 
keyer  unit,  two  of  which  are  power 
supply  rectifiers. 

Figure  4  is  a  simplified  schematic 
of  the  keyer  unit.  The  basic  tim¬ 
ing  element  is  the  4098-cps  oscilla¬ 
tor  (6SJ7  at  the  top  of  the  dia¬ 
gram).  This  is  an  electron-coupled 
oscillator  of  the  Hartley  type.  Two 
outputs  are  taken  from  the  oscilla¬ 
tor,  one  intended  for  the  range 
unit  and  the  other  for  the  keyer 
proper.  The  former  path  consists 
of  two  amplifiers  and  a  4098-cps  fil¬ 
ter,  the  output  of  which  is  a  4098- 
cps  sinewave  of  50  volts  peak  ampli- 
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tude.  The  latter,  or  keyer,  path 
starts  at  the  oscillator  plate,  which 
provides  a  flattened  (non-sinus- 
oidal)  wave.  This  voltage  is  passed 
through  a  coupling  circuit  (0,01 
fxi  series  capacitances,  with  100,000- 
ohm  and  50,000-ohm  shunt  resist¬ 
ance)  which  sharpens  the  oscillator 
output.  The  sharpened  wave  is 
then  applied  to  an  over-driven 
(grid-current  limiting)  amplifier 
which  flattens  the  v'ave  again,  but 
by  this  time  the  pulse  possesses  a 
much  sharper  leading  edge.  Follow¬ 
ing  is  a  peaking  circuit  of  very 
short  time  constant  (0.00005  /xf 
and  50,000  ohms)  which  responds 
only  to  the  leading  and  trailing 
edges  of  the  applied  wave.  The 
output  consists  of  a  small  short 
positive  pulse,  and  a  somewhat 
larger  negative  pulse  which  is  not 
thereafter  used.  These  pulses  are 
applied  to  the  pulse  generator  which 
is  biased  to  cut-off.  It  responds  to 
the  small  pulse,  but  not  to  the  nega¬ 
tive  pulse.  The  output  of  this  stage 
is  a  sharp  pulse  of  about  —170  volts 
amplitude. 

The  remaining  portion  of  the 
keyer  is  occupied  with  increasing 
the  peak  voltage  of  this  pulse  and 
reversing  its  polarity.  The  first 
pulse  amplifier  (a  6F6  beam-power 
tube)  is  intended  to  produce  a 
higher  current  pulse,  without  a 
high  voltage  output.  This  current 
pulse  drives  two  6L6  beam  power 
tubes  in  parallel,  the  output  of 
which  is  conducted  to  a  pulse  trans¬ 


former,  capable  of  passing  very 
short  pulses.  The  output  of  the 
transformer  is  a  double-peaked 
wave  of  about  750- volts  peak-to* 
peak  amplitude,  centered  about  a 
point  two-thirds  up  from  the  nega¬ 
tive  peak.  This  wave  is  applied  to 
the  grid  of  the  final  amplifier,  a 
304TL  triode.  This  tube  is  a  high- 
current  thoriated-tungsten  triode, 
consisting  of  four  triode  units  in  a 
single  envelope. 

When  the  pulse  arrives  at  the 
304TL  grid  the  tube  passes  a  cur¬ 
rent  of  approximately  1  ampere 
through  a  cathode  coupling  resist¬ 
ance,  thus  producing  a  pulse  of  3500 
volts  peak  amplitude  across  the  out¬ 
put  terminals.  Since  the  tube  is 
biased  to  cut-off,  there  is  no  re¬ 
sponse  to  the  negative  peak.  Be¬ 
tween  pulses,  when  the  304TL  is 
not  conducting,  its  output  terminals 
are  connected  across  the  B-supply 
voltage.  One  output  terminal  is 
some  2500  volts  negative  (adjust¬ 
able  by  resistor  R)  with  respect  to 
ground.  This  is  the  bias  voltage 
for  the  succeeding  modulator  tubes. 
The  use  of  the  cathode-follower  cir¬ 
cuit  in  the  final  keyer  amplifier  pro¬ 
vides  a  low  impedance  output,  which 
permits  conducting  the  short-length 
pulses  over  coaxial  cables  to  the 
modulator  unit. 

The  Modulator  Unit 

The  function  of  the  modulator 
unit  is  to  amplify  the  keyer  output 
to  a  high  power  level,  suitable  for 
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plate-modulating  the  transmitter 
(r-f  oscillator)  proper.  Figure  5 
shows  the  simplified  schematic. 

The  modulator  tubes  (8  type 
304TL  tubes  in  parallel)  act  as  an 
electronic  switch,  under  the  control 
of  the  keyer.  The  electronic  switch 
is  in  series  with  the  storage  capaci¬ 
tor  C.  This  capacitor  is  charged 
continuously  from  the  high  voltage 
power  supply  (15,000  volts) 
through  the  choke  L  and  the  block¬ 
ing  diodes  (2  type  250TL  tubes  in 
parallel).  When  a  positive  pulse  is 
delivered  by  the  keyer  to  the  modu¬ 
lator  grids,  the  modulator  plates 
suddenly  conduct.  The  inductor  L 
impedes  any  flow  from  the  power 
supply  through  the  modulators  for 
the  duration  of  the  pulse.  There¬ 
fore,  the  only  source  of  plate  cur¬ 
rent  is  the  storage  capacitor  C. 
This  capacitor  discharges,  during 
the  pulse,  through  the  series  circuit 
composed  of  the  modulator  tubes 
and  the  transmitter  (oscillator) 
tubes.  The  resultant  sudden  pulse 
of  current  causes  the  transmitter 
to  oscillate  and  it  continues  to  do 
so  while  the  pulse  is  applied. 

The  current  passing  through  the 
modulator  tubes  is  about  10 
amperes,  and  the  voltage  drop 
across  them  is  about  3000  volts. 
Hence  12,000  volts  at  10  amperes 
passes  through  the  plate  circuit  of 
the  transmitter.  This  is  a  peak 
input  of  about  120  kilowatts,  of 
which  about  75  kw  appears  as  use¬ 
ful  r-f  output  power. 

When  the  modulators  conduct, 
they  form  a  closed  circuit  of  which 
the  storage  capacitance  and  the 
series  inductance  (leads  and  trans¬ 
mitter  tank  circuit)  are  a  part. 
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^  '  * — Basic  directiTe  array  scheme, 
eight  of  the  sixteen  transmitting 
elements.  The  associated  reflectors 
ore  omitted  in  this  drawing 


There  is,  therefore,  a  tendency  of 
the  current  in  this  circuit  to  oscil¬ 
late  and  over-shoot  in  the  negative 
direction.  This  causes  the  trans¬ 
mitter  to  be  cut-off  sharply  at  the 
conclusion  of  the  pulse.  Any  further 
oscillation  in  the  modulator  circuit 
is  suppressed  by  the  blocking 
diodes. 

Modulator  wave  forms  are  shown 
in  Fig.  6.  It  is  to  be  noted  that  the 
pulse  lasts  only  about  2.5  percent 
of  the  total  time,  so  that  only  a 
small  portion  of  the  charge  stored 
in  capacitor  C  is  withdrawn  during 
each  pulse.  The  diodes  permit  this 
charge  to  be  replaced,  at  a  slow  rate, 
between  pulses.  But  the  diodes, 
being  one-way  conductors,  have  no 
effect  during  the  pulse  discharge. 

The  Transmitter  Proper 

The  function  of  the  transmitter 
is  to  develop  r-f  pulses  of  75  kw 
peak  power.  The  average  power  is 
not  nearly  so  great,  however,  since 
the  transmitter  is  turned  on  only 
2.5  percent  of  the  time  (4098  pulses, 
each  about  6  microseconds  long,  per 
second).  The  essential  problem  of 
the  transmitter  design,  then,  is  pro¬ 
viding  sufficient  emission  in  the 
transmitter  tubes  to  meet  the  mo¬ 
mentary  high  power  requirements. 
The  required  peak  emission,  as  in¬ 
dicated  from  the  discussion  of  the 
modulator  circuit,  is  of  the  order  of 
10  amperes.  No  suitable  tube  was 
available  with  such  emission,  so  it 
was  necessary  to  employ  a  large 
number  of  tubes.  The  tubes  are 
type  lOOTS. 

It  was  not  feasible  to  connect  the 
transmitting  tubes  in  parallel  or  in 
push-pull-parallel  because  the  addi¬ 
tion  of  the  tube  capacitances  would 
prohibit  operation  at  the  high  fre¬ 
quency  desired.  To  avoid  this  diffi¬ 
culty,  the  ring  circuit  was  adopted. 
Essentially,  this  is  a  multiple  push- 
pull  tuned-grid  tuned-plate  arrange¬ 
ment.  In  this  circuit,  an  elemen¬ 
tary  form  of  which  is  shown  in  Fig. 
7,  the  tubes  are  separated  by  tuned 
circuits  and  arranged  in  a  closed 
ring.  As  shown,  grids  of  adjacent 
tubes  assume  opposite  polarity,  and 
to  sustain  oscillations  the  plate  of 
each  tube  has  the  opposite  polarity 
from  its  grid.  When  an  even  num¬ 
ber  of  tubes  is  employed  in  the  ring, 
the  necessary  alternation  of  grid 
and  plate  polarities  between  adja¬ 
cent  tubes  is  maintained  throughout 


the  ring.  Since  the  tube  capaci¬ 
tances  are  essentially  in  series,  any 
required  number  of  tubes  may  be 
employed.  Sixteen  tubes  are  re¬ 
quired  to  provide  the  necessary 
emission. 

The  tuned  circuits  are  segments 
of  parallel  transmission  lines,  ap¬ 
proximately  half-wavelength  long, 
with  adjustable  shorting  bars.  The 
r-f  current  in  all  the  shorting  bars, 
at  any  instant  of  time,  is  in  the 


FIG.  9 — (a)  Directive  pattern  of  receiving 
array  with  reflectors  spaced  Vii-wavelength 
opart,  (b)  Double  receiving  antenna  pat¬ 
tern.  obtained  by  lobe  switching  described 
in  the  text 

same  direction,  so  the  shorting  bars 
form  a  virtual  closed  circuit  from 
which  energy  may  be  picked  up  by 
a  pick-up  coil.  A  single-turn  pick¬ 
up  coil  is  used  to  connect  the  trans¬ 
mitter  to  the  output  transmission 
line. 

The  filament  power  for  the  trans¬ 
mitter  tubes  is  conducted  through 
quarter-wave  concentric  transmis¬ 
sion  lines,  shorted  at  the  input  end. 
These  segments  prevent  absorption 
of  r-f  power  by  the  filament  circuit. 

The  modulator  is  connected  to  the 
transmitter  through  a  high-voltage 
slip  ring  which  permits  the  pedestal 
to  turn  when  following  targets 
without  breaking  the  connection. 
The  transmitter  plate  circuits  are 
joined  at  points  below  the  shorting 
bars  and  connected  to  ground.  The 
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modulator  output,  in  the  form  of  a 
high-voltage  negative  pulse,  is  ap¬ 
plied  to  the  transmitter  filaments. 
The  transmitter  grids  are  joined 
at  points  beyond  the  shorting  bars 
and  returned  to  the  filaments 
through  a  resistance. 

Transmission  Linn  and  Radiator 

From  the  pick-up  coil,  the  trans¬ 
mitter  output  is  conducted  over  an 
open-wire  transmission  line  to  the 
transmitting  radiator.  The  radia¬ 
tor  consists  of  16  half-wave  dipole 
radiating  elements  and  16  similar 
reflector  elements  spaced  one-quar¬ 
ter  wave  behind  the  radiators.  The 
elements  are  arranged  parallel  to 
each  other,  four  dipoles  wide  and 
four  high,  and  spaced  one-half 
wavelength  in  the  plane  of  the 
array.  Horizontal  polarization  is 
used. 

The  dipole  radiator  elements  are 
interconnected  cross-wise  at  their 
ends  as  shown  in  Fig.  8.  Thus  the 
current  in  each  half-wave  segment 
in  the  array  flows  in  the  same  direc¬ 
tion,  at  any  instant  of  time,  and 
there  is  complete  cancellation  of  the 
r-f  field  in  the  plane  of  the  array. 
The  field  is  a  maximum  along  an 
axis  at  right  angles  to  the  plane  of 
the  array,  thus  providing  the  neces¬ 
sary  directivity  of  transmission. 
The  transmitting  antenna  beam 
width  is  about  10  degrees  wide  be¬ 
tween  the  3-db  points,  that  is,  the 
field  radiated  five  degrees  off  the 
axis  is  3  db  less  than  the  field  along 
the  axis.  The  gain  of  this  radiator, 
relative  to  an  isotropic  (point- 
source)  radiator,  is  about  400  times. 
Thus  the  effective  power  radiated  to 
the  target  is  about  400  x  75  kw  = 
30,000  kw.  A  matching  stub  is 
used  on  the  transmission  line  to 
match  the  impedance  at  the  ends  of 
the  dipoles. 

Receiving  Arrays  and  Lobe  Switching 

The  receiving  arrays  are  very 
similar  to  the  transmitting  radia¬ 
tor,  differing  only  in  shape  and  in 
the  provision  of  lobe  switching.  The 
azimuth  array  is  six  dipoles  wide 
and  four  dipoles  high,  with  a  sim¬ 
ilar  number  of  reflectors.  The  radi¬ 
ation  pattern  formed  by  this  ar¬ 
rangement  is  a  fan-shaped  figure 
with  its  long  dimension  in  the  verti¬ 
cal  plane,  which  permits  discrim¬ 
ination  in  the  azimuth  (left-right) 
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coordinate.  The  elevation  array  is 
arranged  two  dipoles  wide  and  six 
dipoles  high  with  corresponding  re¬ 
flectors.  The  radiation  fan  in  this 
case  has  its  long  dimension  in  the 
horizontal  direction,  an  arrange¬ 
ment  suitable  for  discriminating  in 
the  elevation  (up-down)  coordinate. 

Both  receiving  arrays  are  ar¬ 
ranged  for  lobe  switching  to  refine 
the  accuracy  of  the  angular  indi¬ 
cations.  The  technique  is  as  fol¬ 
lows:  The  directivity  pattern  of  an 
array  is  a  lobe-shaped  figure  like 
that  shown  in  Fig.  9(a).  Suppose, 
first,  that  two  arrays  are  used  side 
by  side  at  a  slight  angle  to  one 
another.  Then  two  overlapping 
lobes  are  provided.  The  signals  re¬ 
ceived  from  the  two  arrays  are  of 
equal  amplitude  when  the  signal 
arrives  from  a  direction  midway 
between  the  two  lobes  as  along  line 
OC  in  Fig.  9(b).  If  the  signal  ar¬ 
rives  from  the  left  the  signal  from 
the  left-hand  lobe  predominates. 


whereas  a  signal  from  the  right 
causes  maximum  amplitude  in  the 
right-hand  lobe.  The  sharp  slope 
of  the  lobe  patterns  at  their  inter¬ 
section  makes  the  direction  of  equal 
amplitude  correspondingly  precise. 

The  technique  of  lobe-switching 
provides  a  double-lobe  pattern  from 
a  single  array.  The  array  is 
divided  into  two  halves  (left  and 
right  halves  in  the  azimuth  array) 
which  are  connected  not  by  cross¬ 
wires  as  in  the  transmitting  ar¬ 
rangement  but  by  phasing  stubs, 
that  is,  adjustable  segments  of 
transmission  line  somewhat  less 
than  a  half  wavelength  long.  Two 
terminations  are  taken  from  the 
array,  one  at  the  left  end,  the  other 
at  the  right  end  as  shown  in  Fig. 
10.  The  directivity  of  such  an 
array,  with  phasing  stubs  inserted, 
is  found  to  be  slightly  different,  de¬ 
pending  on  which  termination  is 
used. 

To  illustrate  this  effect,  consider 


FIG.  10 — SCR-268  radar  receiving  antenna  lobe-switching  results  showing  (o| 
voltage  when  the  plane  ol  the  array  is  parallel  to  the  wave  front  and  (h) 
voltage  when  the  plane  of  the  array  is  at  an  angle  to  the  wave  front 
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FIG.  11 — Functional  block  diagram  of  one  of  the  two  receivers 


a  signal  wave  front  arriving  paral¬ 
lel  to  the  array.  The  wavefront  in¬ 
duces  voltage  in  the  two  halves  of 
the  array  at  the  same  instant.  Con¬ 
sider  the  array  from  the  back  and 
assume  that  the  left-hand  termina¬ 
tion  is  in  use.  The  signal  induced 
in  the  left  half  of  the  array  ar¬ 
rives  at  once  at  the  termination, 
hut  the  signal  from  the  right  half 
of  the  array  arrives  at  the  left- 
hand  termination  only  after  a  de¬ 
lay  caused  by  its  passage  through 
the  phasing  stub.  Hence  the  net 
voltage  arriving  at  the  left-hand 
tormination  is  a  vector  sum,  and 
this  vector  sum  is  the  same  as 
though  the  wave  had  arrived  from 

angle  to  the  left  and  as  if  no 
phasing  stubs  were  present.  The 
phasing  stubs  thus  cause  the  an¬ 
tenna  pattern  to  shift  to  the  left 
'hen  the  left-hand  termination  is 
in  use. 

By  the  same  process,  the  stubs 
*^“86  the  directivity  of  the  array 
jo  shift  to  the  right  when  the  right 
onnd  termination  is  in  use.  By 
shifting  alternately  from  left-hand 
^'■ight-hand  termination,  the  effect 
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of  two  lobes  is  produced.  Accurate 
direction  finding  is  obtained  when 
the  signals  from  the  two  termina¬ 
tions  have  the  same  amplitude.  In 
the  elevation  array,  the  array  is 
divided  into  top  and  bottom  halves 
and  the  same  effect  is  produced  in 
the  elevation  coordinate. 

In  practice,  the  phasing  stubs  are 
adjusted  when  receiving  a  wave- 
front  of  known  orientation  until 
the  peaks  of  the  lobes  are  spaced 
approximately  10  degrees  and  a 
symmetrical  variation  in  signal  is 
obtained  on  either  side  of  the  cen¬ 
ter  direction.  Thereafter  this  ad¬ 
justment  is  preserved  until  the 
radar  moves  to  a  new  location.  A 
signal  generator  (“tweeter”)  pro¬ 
duces  the  required  wavefront  and 
a  technique  has  been  developed  to 
avoid  the  effects  of  external  re¬ 
flections.  As  in  the  case  of  the 
transmitting  array,  matching  stubs 
are  employed  on  the  transmission 
lines  to  match  the  receiving  array 
impedance  to  the  line. 

One  possible  source  of  trouble  in 
the  operation  of  the  radar  is  the 
existence  of  side  lobes,  that  is. 


minor  directivity  patterns  offset 
from  the  main  pattern  by  some  25 
degrees.  Proper  adjustment  of  the 
array  will  keep  the  sensitivity  of 
the  array  in  these  side  directions 
about  30  db  below  that  of  the  main 
lobe,  but  the  effect  cannot  be  elim¬ 
inated  entirely.  Thus  a  nearby  tar¬ 
get  centered  in  a  side  lobe  may  pro¬ 
duce  a  stronger  signal  than  a  dis¬ 
tant  target  centered  in  the  main 
lobe.  Moreover,  at  the  intersection 
between  the  left-hand  main  lobe 
and  a  right-hand  minor  lobe  signals 
of  equal  amplitude  will  appear.  The 
array  will  then  be  pointed,  not  at 
the  target,  but  some  25  degrees 
away  from  the  target.  The  true 
lobe  intersection  can,  however,  al¬ 
ways  be  determined  by  noting  the 
symmetry  of  the  signal  variation  as 
the  array  is  moved  either  side  of  the 
equal-amplitude  direction.  The  false 
balance  is  not  symmetrical. 

Th*  Receiver 

Two  identical  receivers  are  em¬ 
ployed  in  the  SCR-268,  connected  to 
the  elevation  and  azimuth  arrays. 
A  block  diagram  of  the  receiver  is 
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FIG.  12 — Diagram  showing  how  the  SCR- 
268  radar  range  unit  functions 


shown  in  Fig.  11.  Two  antenna  in¬ 
puts  are  provided,  for  each  of  the 
two  terminations  of  the  array. 
These  are  connected  to  separate  r-f 
amplifiers  (type  954  acorn  pen¬ 
todes)  which  are  switched  alter¬ 
nately  on  and  off  to  provide  recep¬ 
tion  alternately  on  the  respective 
lobes  of  the  array. 

The  switching  is  accomplished  by 
applying  a  rectangular  wave  of  volt¬ 
age  to  the  grids  of  the  r-f  stages, 
the  wave  being  obtained  from  a 
multivibrator  (switch  oscillator, 
6N7  double  triode)  and  a  subse¬ 
quent  amplifier  (6N7).  The  multi¬ 
vibrator  produces  a  rectangular 
wave  at  a  frequency  of  approxi¬ 
mately  1400  cps.  Approximately 
three  pulses  and  echoes  are  passed 
through  one  r-f  stage  while  the 
other  is  blocked.  Thereafter,  the 
first  r-f  amplifier  is  blocked  and  the 
second  passes  three  pulses.  In  this 
manner  reception  is  switched  rap¬ 
idly  from  one  lobe  to  the  other. 

The  two  r-f  stages  are  joined  to¬ 
gether  at  their  plates.  Hence  at 
this  point  the  successive  lobe  sig¬ 
nals  are  interspersed  in  time  se¬ 
quence.  Thereafter,  the  joint  sig¬ 


nal  is  amplified  by  a  second  r-f 
stage  (954). 

The  tuned  circuits  associated  with 
the  r-f  stages  consist  of  a  single 
inductance,  permeability  tuned  and 
loaded  with  resistance  to  present  a 
bandwidth  of  about  one  megacycle. 
This  bandwidth  is  somewhat 
greater  than  the  spectrum  occu¬ 
pied  by  the  incoming  pulses,  the 
extra  space  being  provided  to 
cover  possible  shifts  in  transmitter 
frequency. 

At  the  output  of  the  second  r-f 
stage,  the  signal  is  mixed  with  a 
local  oscillator  signal.  This  signal 
is  derived  from  a  type-955  acorn 
triode  oscillator  in  a  Hartley  circuit, 
followed  by  a  954  buffer  stage.  The 
mixer  tube  is  a  954,  with  the  pulse 
signal  and  local  oscillator  output  ap¬ 
plied  jointly  to  its  control  grid.  At 
the  output  of  the  mixer  the  differ¬ 
ence  frequency  of  19.5  Me  appears. 

The  19.5  Me  intermediate  fre¬ 
quency  is  amplified  in  four  i-f 
stages  (6SK7),  coupled  with  single 
tuned  circuits  which  are  permeabil¬ 
ity  tuned  and  loaded  to  achieve  1-. 
Me  bandwidth.  The  voltage  gain  of 
each  stage  is  about  12,  or  12^  = 
21,000  overall  for  the  four  stages. 

The  second  detector  is  a  triode 
(6SJ7)  operated  at  cut-off  bias.  The 
detector  feeds  a  video  amplifier 
(6SJ7)  having  a  gain  of  about  2.5. 
The  output  (taken  from  the  plate 
of  the  video  amplifier)  is  about  10 
volts  peak-to-peak  maximum  into  a 
500-ohm  output  circuit.  Any  signal 
higher  than  this  saturates  the  video 
amplifier. 

The  sensitivity  of  the  receiver  is 
such  that,  at  maximum  gain,  the 
noise  developed  at  the  receiver  input 
will  saturate  the  video  amplifier. 
Sensitivity  is  controlled  remotely, 
from  a  control  associated  with  the 
cathode-ray  indicator.  The  sensi¬ 
tivity  control  voltage  is  applied  to 
the  cathode  of  the  first  i-f  stage. 

In  addition  to  the  video  output, 
the  receiver  provides  a  “spread 
voltage”  for  separating  the  indica¬ 
tions  of  the  two  lobes  on  the 
cathode-ray  indicator  screen.  The 
spread  voltage  is  derived  from  the 
output  of  the  switching  amplifier. 
To  assure  that  the  gain  in  the  two 
lobe  channels  is  equal,  a  balance 
control  is  provided  in  one  of  the 
first  r-f  stages.  This  balance  con¬ 
trol  is  set  during  the  calibration 


procedure,  using  a  standard  signal 
generator. 

The  Range  Unit 

The  range  unit  is  a  device  which 
controls  the  timing  of  the  indicator 
traces  relative  to  the  production  of 
the  transmitted  pulses.  The  range 
unit  shown  in  the  block  diagram  of 
Fig.  12  is  essentially  a  phase 
shifter,  capable  of  shifting  the 
phase  of  the  4098-cps  sine  wave  by 
any  amount,  continuously  and 
smoothly. 

The  input  4098-cps  wave  is  de¬ 
rived  from  the  keyer  (shown  in 
Fig.  4) .  After  passage  through  a 
limiting  resistor,  and  through  a  fil¬ 
ter  to  remove  harmonics,  the  sine- 
wave  is  passed  through  a  Helm¬ 
holtz  coil.  This  device  consists  of 
two  sets  of  stator  coils,  arranged 
at  right  angles.  The  current  fed 
one  set  of  coils  is  advanced  90  elec¬ 
trical  degrees  by  passage  through 
a  capacitor-resistor  network.  The 
result  is  a  rotating  magnetic  field 
at  the  center  of  the  coil  system. 
This  field  induces  a  sine-wave  volt¬ 
age  in  a  small  pickup  coil  at  the  cen¬ 
ter  of  the  system.  The  phase  of  the 
induced  voltage  is  fixed  so  long  as 
the  pick-up  coil  is  stationary.  When 
the  coil  is  rotated,  the  phase  shifts 
in  direct  proportion  to  the  angular 
motion  of  the  coil.  The  induced 
voltage  is  amplified  in  two  stages 
and  the  output  is  fed  to  the  indica¬ 
tors  as  subsequently  described. 

The  Indicator  Units 

Three  identical  units  are  used  as 
indicators  by  the  range,  elevation 
and  azimuth  receiving  antenna  ar¬ 
ray  operators.  These  indicators  are 
very  similar  in  appearance  and 
function  to  a  conventional  cathode- 
ray  oscilloscope.  Besides  the  basic 
power  supply,  the  indicator  units 
derive  three  voltages  from  the  other 
units  of  the  radar:  (1)  the  pulse 
signal  from  the  video  amplifier  of 
the  associated  receiver,  (2)  the 
spread  voltage  from  the  switch 
amplifier  of  the  receiver,  and  (3) 
the  phase-shifted  4098-cps  sinewave 
from  the  range  unit. 

A  block  diagram  of  one  indicator 
showing  its  waveforms,  is  given  m 
Fig.  13.  The  basic  synchronizing 
input  comes  from  the  range  unit. 
This  sinewave  voltage  is  first  amph* 
fied  in  an  over-driven  sync  ampi'” 
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(6AC7).  The  negative  grid  volt- 
>  cutoff  and  positive  grid  current 
aturation  convert  the  sinewave  in¬ 
put  into  a  more  nearly  rectangular 
wave  which  is  fed  to  a  pulse  genera¬ 
tor  (6L6) ,  also  overdriven.  In  the 
plate  of  this  high-current  tube  is  an 
nductance.  The  sudden  current 
changes  at  the  sides  of  the  rectan¬ 
gular  wave,  passing  through  this 
inductance,  induce  high  peaks  of 
voltage  which  are  used  to  control 
the  following  sweep-voltage  genera¬ 
tor  after  passing  through  a  peak 
filter. 

The  sweep  generator  consists  of 
capacitor,  charged  through  the 
6L6  sweep  generator  tube.  The  ap¬ 
proximately  constant  current  char¬ 
acteristic  of  the  6L6  results  in  a 
closely  linear  increase  in  voltage 
across  the  sweep  capacitor  until  the 
udden  positive  peak  arrives  from 
the  preceding  peak  filter.  Then  the 


capacitor  is  suddenly  discharged  by 
the  heavy  reverse  current  passed  by 
the  sweep  generator  tube.  The  re¬ 
sult  is  that  the  voltage  across  the 
sweep  capacitor  has  the  saw-tooth 
form  required  for  deflecting  the 
electrostatic  cathode-ray  tube. 

Before  application  to  the  c-r 
tube,  the  sweep  voltage  is  amplified 
(6SJ7)  and  mixed  with  the  spread 
voltage.  The  spread  voltage,  which 
we  recall  is  synchronous  with  the 
lobe-switching,  is  amplified  (6SJ7) 
and  causes  the  saw-tooth  sweep 
wave  to  be  displaced  bodily  upward 
and  downward,  as  shown  in  the 
figure.  Thus  the  sweep  associated 
with  the  one  lobe-channel  is  dis¬ 
placed  horizontally  on  the  c-r  tube 
with  respect  to  the  sweep  asso¬ 
ciated  with  the  other  lobe-channel. 
This  causes  the  image  to  appear 
“split”  as  shown  at  the  bottom  right 
in  the  diagram. 
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The  displaced  sawtooth  wave  is 
applied  to  two  amplifiers  (6L6’s) 
which  produce  symmetrical  waves 
of  opposite  polarity  for  application 
to  the  horizontal  deflection  plates 
of  the  c-r  tube.  The  ssnnmetry  is 
essential  to  produce  a  linear  sweep. 

The  receiver  output  is  amplified 
in  a  pulse  amplifier  (2-6L6’s)  and 
then  applied  to  the  vertical  deflec¬ 
tion  plates.  The  resulting  screen 
pattern  is  a  series  of  pulses  in  pairs. 
The  first  pair  is  a  split  image  of  the 
transmitted  pulse,  which  is  trans¬ 
mitted  directly  from  the  transmit¬ 
ting  array  to  the  receiving  array. 
The  receiver  is  considerably  over¬ 
loaded  at  this  instant,  and  the  pulse 
saturates  the  amplifiers  and  hence 
is  flattened  at  the  top.  No  special 
device  is  provided  to  protect  the  re¬ 
ceiver  during  the  transmitted  pulse. 
The  next  pair  of  pulses  to  the  right 
is  a  split  image  of  the  pulse  echo 
from  a  target. 

In  operation,  the  azimuth  and  ele¬ 
vation  operators  adjust  the  spread 
voltage  and  the  amplitude  of  the 
pulses  until  the  split  image  is  dis¬ 
played  conveniently  for  comparison 
of  the  amplitudes  of  the  two  com¬ 
ponents  of  the  split  image.  There¬ 
upon  the  angular  orientation  of  the 
corresponding  array  is  adjusted  un¬ 
til  both  components  are  of  equal 
height.  The  array  is  then  pointed 
directly  at  the  target. 

Rang*  Indicator 

The  range  indicator  does  not 
make  use  of  the  spread  voltage  so 
only  a  single  image  appears  for 
each  echo.  The  range  operator  ad¬ 
justs  the  phase  shift  of  the  range 
unit  until  the  target  echo  appears 
under  a  cross-hair  on  the  associated 
scope  screen.  The  range  to  the  tar¬ 
get  is  then  read  off  the  phase-shift 
dial,  which  is  calibrated  in 
thousands  of  yards. 

The  SCR-268  employs  110  vacuum 
tubes,  which  are  divided  among  the 
several  units  as  follows:  high  volt¬ 
age  rectifier  4,  keyer  11,  range  unit 
3,  modulator  10,  transmitter  16,  two 
receivers  15  each,  three  indicators 
12  each.  Despite  this  fact,  and  the 
evident  complexity  of  the  circuits, 
the  268  has  proved  to  have  out¬ 
standing  serviceability  in  the  field. 
— D.G.F. 

Res^bnces 

(1)  Pink,  D.  G.,  The  Radar  Equation, 
ElectroniCH,  p.  02,  April  1945. 
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FIG.  1 — Top  and  ponel  views  oi  the 
transient  peak  voltmeter 


The  increased  use  of  single 
transient  voltage  pulses  in 
special  electronic  applications  has 
created  the  need  for  a  device  which 
can  measure  such  pulses  quickly 
and  accurately. 

Since  neither  d-c  nor  continuous- 
wave  a-c  voltmeters  respond  fast 
enough  to  short-period  voltage 
changes,  attempts  have  been  made 
to  perform  this  function  by  em¬ 
ploying  oscillographic  apparatus  or 
special  observational  techniques. 
Although  adequate  in  some  cases, 
such  methods  are  at  best  time-con¬ 
suming  and  involve  the  use  of  spe¬ 
cialized  equipment  which  is  hard  to 
obtain.  Moreover,  experience  indi¬ 
cates  that  to  employ  these  methods 
properly  requires  considerable  prac¬ 
tice  and  that  the  operating  tech¬ 
niques  are  essentially  difficult  to 
teach  the  average  technical  worker. 

The  authors  of  this  paper  have 
designed  a  compact  transient  peak 
voltmeter  which  will  measure  fast 
voltage  surges  as  easily  as  a  stand¬ 
ard  voltmeter  measures  voltage  of 
longer  duration.  It  contains  stand¬ 
ard  electronic  components  and  an 
easily  read  panel-type  meter.  No 
particular  operational  technique  is 
required. 

‘  The  transient  peak  voltmeter  to 
be  described  uses  the  fast  transient 
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signal  of  the  circuit  under  test  to 
charge  a  low-leakage  capacitor 
through  a  diode  in  the  voltmeter 
circuit.  The  high  inverse  im¬ 
pedance  of  this  diode  allows  the 
capacitor  to  remain  charged  for  a 
considerably  longer  period  than 
that  of  the  signal.  By  making  the 
capacitor’s  discharge  time  suffi¬ 
ciently  long,  the  initial  charge  can 
be  measured  by  means  of  a  high 
input  impedance  balanced  bridge 
containing  a  d-c  instrument  be¬ 
tween  the  arms. 


General  Description 


best  be  considered  as  the  response 
to  single  transients  with  various 
times  to  the  peak.  Assuming  the 
pulses  to  be  the  equivalent  of  one- 
half  cycle  of  sine  wave,  the  re¬ 
sponse  is  flat  within  2  db  from  five 
milliseconds  to  one-half  second  and 
time  to  the  peak. 


Figure  1  is  a  photograph  show¬ 
ing  the  simple  construction  of  the 
transient  peak  voltmeter.  The 
housing  is  a  black-crackle  box 
measuring  7  by  7  by  14  inches. 
Power  is  obtained  from  a  built-in 
power  supply  operating  from  the 
115-volt  line.  The  entire  circuit 
uses  but  four  tubes  and  a  O-to-200- 
microampere  indicating  instrument. 
The  controls  include  a  range- 
adjustment  switch,  a  reset  switch, 
an  on-off  switch,  a  zero-set  knob, 
and  a  screwdriver-adjustment  sen¬ 
sitivity  control; 

The  circuit  will  measure  the  peak 
value  of  the  input  signal  and  hold 
the  reading  for  several  seconds,  or 
until  reset  by  the  manipulation  of 
the  reset  switch.  There  are  four 
input  voltage  ranges  of  1,  5,  10,  and 
50  volts  full  scale,  to  cover  the 
most  generally  used  range  of  volt¬ 
ages.  Higher  or  intermediate 
ranges  can  be  added  if  desired. 
Lower  ranges  could  be  provided  by 
the  addition  of  suitable  amplifiers. 
The  input  circuit  has  a  constant 
input  impedance  of  20  megohms 
and  contains  a  blocking  capacitor 
which  prevents  direct  current  in 
the  measured  circuit  from  affect¬ 
ing  a  measurement. 

The  frequency  response  charac¬ 
teristics  of  such  a  voltmeter  can 


Circuit  Theory 

Figure  2  is  a  block  diagram  il¬ 
lustrating  the  essential  circuit 
functions.  The  voltage  divider  (A) 
is  a  resistance  network  which  pro¬ 
vides  the  various  voltage  rangts 
to  match  the  signal  input  and  main¬ 
tains  a  constant  input  impedance 
of  20  megohms.  The  amplifier-in¬ 
verter  (B)  provides  a  gain  of  ten 
and  inverts  the  signal  voltage 
polarity  from  positive  to  negative. 
The  amplified  and  inverted  signal 
then  goes  through  the  impedance 
transformer  (C)  which  is  no  more 
than  a  cathode  follower  circuit 
used  to  match  the  plate  circuit  of 
the  amplifier  to  the  low-impedance 
hold-on  circuit  (D).  The  hold-on 
circuit  is  an  arrangement  which 
employs  a  diode  to  charge  a  low- 
leakage  capacitor  to  the  peak  value 
of  the  incoming  signal.  The  charg¬ 
ing  impedance  of  this  circuit  is  low 
but  the  discharge  resistance  is  ex¬ 
tremely  high,  in  the  order  of  sev¬ 
eral  hundred  megohms. 

The  value  of  the  voltage  which 
is  fed  into  the  hold-on  circuit  is 
measured  by  the  balanced  bridge 
(E).  This  voltmeter  circuit  is  de¬ 
signed  to  have  high  input  resist¬ 
ance,  so  that  the  signal  will  not 
be  dissipated  by  the  measuring 
device.  At  the  conclusion  of  a 
measurement  the  hold-on  circuit  is 
reset  and  made  ready  for  a  new 
signal  by  the  manipulation  of  the 
rfeset  switch  (F).  This  action  dis¬ 
charges  the  hold-on  capacitor. 

Figure  3  shows  a  simplifi®" 
version  of  the  circuit  schematic 
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The  amplitude  of  a  single  short  pulse  is  determined  by  amplifying  the  transient  voltage, 
then  charging  a  capacitor  through  a  hold-on  circuit  which  permits  the  charge  to  be  main¬ 
tained  long  enough  for  measurement  by  means  of  a  balanced-bridge  d-c  voltmeter  equipped 
with  a  0  to  200-microampere  indicating  instrument 


in  which  the  blocks  of  Fig.  2  have 
been  replaced  by  appropriate  cir¬ 
cuit  components,  the  order  remain¬ 
ing  the  same.  The  functions  which 
have  just  been  outlined  can  better 
be  understood  by  a  comparison  of 
these  two  figures. 

A  few  additional  features  will 
be  noted  in  Fig.  3  and  4.  The 
potentiometer  control  iJi  adjusts 
the  sensitivity  of  the  voltmeter  and 
is  used  during  calibration.  The  con¬ 
trol  Rs  is  the  zero-set  adjustment 
which  provides  balance  between 
the  tubes  of  the  voltmeter  bridge. 

The  voltmeter  bridge  is  a  double 
cathode  follower  arrangement,  with 
the  input  signal  applied  to  the  grid 
of  tube  VTt,  the  balance  potential 
applied  to  the  grid  of  VTe,  and  the 
indicating  instrument  connected 
between  the  cathodes  of  these  two 
tubes. 

Figure  4  is  a  complete  schematic 
diagram  of  the  transient  peak 
voltmeter,  showing  all  electrical 
details.  The  compensation  network 
in  the  grid  circuit  of  the  cathode 
follower  tube  VTs,  consisting  of 
resistances  Rs,  Ra  and  Ci,  improves 
the  frequency  response  of  the  pre¬ 
ceding  amplifier  tube  VT^  by  in¬ 
creasing  the  input  impedance  of 
the  cathode  follower  circuit.  The 
bias  cell  in  the  input  to  VT^  is 
necessary  in  order  to  cancel  the 
diode  potential  which  otherwise 
''ould  cause  a  spurious  zero  read¬ 
ing.  The  presence  of  this  cell  re- 
Quires  that  the  reset  switch  be 
connected  to  discharge  the  capaci¬ 
tor  without  shunting  the  bias  cell. 

The  voltage  which  is  applied 
ncross  the  balance  or  zero  set  re¬ 
sistor  R^  is  in  practice  obtained 
from  a  small  C-battery.  This  ar- 
■■nngement  is  more  stable  than  the 
method  .shown  in  Fig.  3  except 
I'^ben  a  B-supply  which  is  regu¬ 
lated  against  output  voltage  fluctu¬ 
ations  is  used. 


iponse 
irious 
g  the 
f  one- 
le  re* 


BALANaoeRIOGE 
D-c  VOLTMETER 


POWER 

SUPPLY 


200>wA 


FIG.  2 — Block  diagram  showing  essenliai  circuit  functions 
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FIG.  3 — Simpiified  circuit  diagram.  Identifying  fetters  correspond  to  those  in 
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FIG.  4 — Complete  transient  peak  voltmeter  circuit 


III 


Canada’s 

INTERNATIONAL 


south  of  the  geographic  pole.  This 
results  in  a  region  of  relatively 
high  flux  density,  usually  known  as 
the  disturbed  zone,  extending  radi¬ 
ally  from  the  magnetic  pole  for  sev¬ 
eral  hundred  miles.  Both  theory 
and  experience  indicated  the  wis¬ 
dom  of  locating  outside  of  this  zone. 

Previous  experimental  investiga¬ 
tions  of  transatlantic  reception  had 
been  carried  out  by  the  Engineering 
Division  of  the  CBC.  BBC  pro¬ 
grams  on  various  frequencies  were 
recorded  simultaneously  at  Ottawa 
and  at  a  location  south  of  Halifax 
on  the  Atlantic  coast.  Simultane¬ 
ous  records  of  field  intensity  were 
also  made  at  these  points.  An  im- 


FIG.  1 — Genercd  loyout  ol  curtain-type  antenno  arrays  at  CBC  international  short-ware  plant  at  Sackville,  New  Brunswick. 

AU  ore  led  from  the  single  transmitter  building,  wUch  also  contains  the  original  50-kw  broadcast-bond  transmitter  leedinq 
the  guyed  rerttcol  radiator  oi  stotion  CBA.  AU  three  beoms  can  be  reversed,  os  well  as  electronically  slewed  o  few 
degrees  off  their  normol  paths.  The  European  beam  system  has  much  higher  gain  than  the  others 
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CANADA  has  now  joined  those 
nations  which  have  under¬ 
taken  broadcasting  on  an  interna¬ 
tional  basis.  With  the  beginning 
of  operations  of  a  new  plant  at 
Sackville,  New  Brunswick,  Canadian 
programs  are  being  transmitted  to 
many  parts  of  the  world. 

The  Canadian  Broadcasting  Cor¬ 
poration  received  authorization  in 
the  fall  of  1942  for  the  construction 
and  operation  of  a  major  short¬ 
wave  plant.  The  building  was  com¬ 
pleted,  two  50-kw  transmitters  and 
speech  input  equipment  installed, 
and  antennas  erected  by  the  fall 
of  1944,  when  the  first  programs 
were  beamed  to  Europe.  Since  that 


By  H.  M.  SMITH 

Maritimea  Regional  Engineer 
Canadian  Broadcasting  Corp. 

Sackville,  New  Brunswick 

time  there  has  been  an  increase  in 
the  number  of  transmissions,  and 
still  more  are  being  added. 

Choice  of  Site 

Theoretical  studies  indicated  that 
the  plant  would  have  to  be  located 
in  the  eastern  part  of  Canada  if 
minimum  trouble  from  the  earth’s 
magnetic  field  distribution  were  to 
be  realized.  The  north  magnetic 
pole  lies  somewhat  north  of  the 
Province  of  Manitoba,  considerably 


112 


SHORT-WAVE  PLANT 


provement  of  several  db  in  signal 
strength  was  obtained,  and  the 
amount  and  nature  of  fading  was 
very  strongly  in  favor  of  the  east¬ 
ern  location.  While  other  factors 
entered  into  the  selection  of  the 
site  this  work  could  not  be  ignored. 

The  CBC  had  previously  located 
ene  of  its  50-kw  broadcast  stations, 
CBA,  at  Sackville,  New  Brunswick, 
i  town  near  the  border  of  Nova 
Scotia  and  approximately  90  airline 
miles  northwest  of  Halifax.  In  this 
part  of  New  Brunswick  there  are 
extensive  marsh  areas — large  bod¬ 
ies  of  land  reclaimed  for  agricul- 
I  ture  from  the  tidal  waters  of  the 
Bay  of  Fundy  by  dyking.  This  low- 
lying,  rich  soil  is  continually  moist, 
an  asset  for  ground  systems.  The 
town  is  well  served  by  transporta¬ 
tion,  both  rail  and  highway.  Fur¬ 
ther  advantages  included  existing 


Details  oi  typical  curtain-type  arrays.  The  17-mc  array  is  to  the  right  oi  the 
zig-zag  suspension  cables,  and  the  IS-mc  array  is  to  the  left.  The  tiny  houses 
near  the  ground  contain  switching  relays 


staff  and  program  line  facilities,  tralian.  As  the  names  imply,  they 
The  decision  was  therefore  taken  to  were  laid  out  for  beam  width  and 
locate  at  Sackville,  and  previous  direction  to  these  areas.  Upon  re¬ 
property  holdings  were  increased  to  versal,  these  antennas  provided  cov- 
approximately  200  acres  of  land.  erage  to  Central  America  and  New 

Zealand,  Eastern  Asia,  and  South 
Africa,  respectively.  Each  antenna 
The  plans  developed  called  for  system  consists  of  several  direc- 
transmission  to  Europe,  Australia,  tional  arrays  for  operation  in  the  6, 
New  Zealand,  South  Africa  and  9,  11,  16  and  17-megacycle  bands. 
South  and  Central  America.  On  Present  plans  call  for  the  addition 
laying  out  the  beams  for  these  of  21-megacycle  antennas  in  the 
areas,  it  became  apparent  that  if  future.  The  general  layout  of  the 
provisions  for  beam  reversal  were  antenna  systems  is  shown  in  Fig.  1. 
included,  the  major  land  areas  of  Considerations  of  site,  results  de- 
the  earth  could  be  covered  fairly  sired  and  economics  led  to  the  de¬ 
well.  cision  to  use  curtain-type  antennas. 

Three  antenna  systems  were  pro-  rather  than  the  simpler  rhombic 
vided,  being  designated  as  Euro-  type  having  somewhat  lower  effi- 
pean.  South  American  and  Aus-  ciency.  It  was  felt,  and  experience 
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FIG.  3 — Isometric  view  of  main  floor  of  CBC  short-wave  bu'lding  at  Sackville 

confirmed,  that  the  lower  vertical 
angle  of  radiation  realizable  with 
the  curtain  type  would  materially 
improve  reception. 

Special  considerations,  mainly  as¬ 
sociated  with  the  war,  made  it  de¬ 
sirable  to  increase  the  field  in¬ 
tensity  directed  toward  Europe,  amd 
the  European  antenna  system  was 
therefore  designed  for  somewhat 
higher  gain  than  the  others. 

The  antenna  systems,  particu¬ 
larly  the  European,  are  rather 
unique  in  design,  and  have  substan¬ 
tial  gain.  Each  antenna  of  the  Eu¬ 
ropean  system  consists  of  a  driven 
curtain  and  a  nondriven  reflecting 
curtain,  identical  in  form  and  lo¬ 
cated  behind  the  driven  elements  as 
in  Fig.  2.  Each  curtain  except  the 
6-mc  consists  of  eight  horizontal 
elements,  arranged  in  two  side-by- 
side  vertical  stacks  of  four;  the 


length  of  each  element  is  slightly 
under  one  wavelength.  All  ele¬ 
ments  of  the  driven  curtain  are 
driven  in  the  same  phase  at  their 
centers  by  vertical  transmission 
lines.  The  lines  from  the  two  side- 
by-side  stacks  come  together  a 
short  distance  above  the  ground 
level  and  tie  onto  the  main  feeder 
line  from  the  station.  Remotely 
controlled  reversing  switches  are  lo¬ 
cated  at  the  base  of  each  of  the 
vertical  lines  and  are  so  arranged 
that  they  can  connect  driving 
power  to  either  the  front  or  back 
curtain,  simultaneously  connecting 
a  stub  to  the  undriven  curtain. 
These  switches  are  energized  from 
an  antenna  switching  panel,  located 
in  the  transmitter  building. 

Another  remotely  controlled 
switch  is  located  in  the  feeder  to 
one  of  the  vertical  stacks  of  each 


antenna.  This  is  arranged  to 
feed  in  any  one  of  three  ways  at 
the  discretion  of  the  controlling 
operator.  Normally  the  feeder  pro¬ 
vides  a  circuit  directly  through  the 
switch;  the  feed  is  then  symmetri¬ 
cal  with  that  to  the  other  stack.  In 
the  second  position  the  switch  in¬ 
troduces  a  predetermined  amount 
of  additional  feeder,  thus  inserting 
a  phase  delay  in  its  stack  in  com¬ 
parison  with  its  companion  stack. 
This  serves  to  swing  or  slew  the 
beam  a  few  degrees  from  its  nor¬ 
mal  path  and  provide  better  signal 
strength  in  desired  areas  which 
are  not  covered  fully  with  the  beam 
in  its  normal  position.  Similarly, 
with  the  switch  in  its  third  posi¬ 
tion,  a  phase  advance  is  introduced 
in  one  stack,  slewing  the  beam  in 
the  opposite  direction.  This  ar¬ 
rangement  provides  a  degree  of 
flexibility  which  is  useful  in  cov¬ 
ering  areas  wider  than  the  usual 
beam  width. 

The  European  system  has  five  an¬ 
tennas.  The  17  and  15-mc  antennas 
are  slung  on  messenger  cables  be¬ 
tween  the  first  two  towers,  the  11 


and  9-mc  units  are  between  the 
next  two,  and  the  6-mc  unit  uses 
the  last  two  towers.  These  antennas 
give  measured  gains  of  slightly 
over  20  db.  The  6-mc  antenna  is 
generally  similar  to  those  of  higher 
frequency  except  that  it  has  6 
driven  elements  instead  of  8  and 
a'  similar  arrangement  in  the  re¬ 
flecting  curtain.  Measurements 
made  in  England  confirm  the  per¬ 
formance,  in  field  intensity  received 
and  a  reduction  in  fading  in  com¬ 
parison  with  other  antennas. 

Building  Design 

Early  in  the  planning  the  deci¬ 
sion  had  to  be  made  whether  or 
not  to  house  the  short-wave  facili¬ 
ties  in  a  building  separate  from 
the  CBA  broadcast  plant  or  com¬ 
bine  them.  While  the  latter  course 
was  much  more  difficult,  entailm? 
the  removal  of  large  sections  of 
the  existing  building  while  keep¬ 
ing  the  broadcast  plant  in  opeM- 
tion,  the  resulting  overall  economies 
and  flexibility  in  operations  led  to 
its  adoption.  The  old  building  w*-' 
largely  torn  down  above  ground, 
temporary  housing  was  erected 
over  the  equipment  in  service,  ^ 
a  new  and  larger  structure  built- 

Fig.  3  shows  the  general  la)' 
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out  of  the  main  floor.  The  trans¬ 
mitter  room  is  120  feet  long.  It 
houses  the  two  short-wave  trans¬ 
mitters,  with  the  CBA  broadcast 
transmitter  in  a  well  a  half  story 
below  the  main  floor.  Heavy  plate 
glass  parapets  surround  the  broad¬ 
cast  transmitter  well.  The  walls 
above  the  transmitters  and  the  full 
ceiling  area  of  the  main  transmit¬ 
ter  room  are  acoustically  treated 
for  high  absorption. 

The  north  section  of  the  build¬ 
ing  houses  a  broadcast  and  two 
short-wave  program  control  booths, 
an  emergency  studio,  recording 
room  and  master  control,  all 
acoustically  treated.  This  section 
is  shielded  by  two  concentric  cop¬ 
per  screens  built  into  the  walls 
and  carried  through  the  double 
doors  leading  to  each  of  these 
rooms.  Along  the  front  of  the 
building  are  located  offices  for  the 
staff. 

At  the  rear  of  the  building  are 
tube  storage  rooms,  power  distribu¬ 
tion  facilities,  power  metering 
panel,  antenna  switching  room  and 
stand-by  generator  room.  A  ramp 
at  the  rear  of  the  building  leads 
to  an  interior  freight  entrance. 
The  basement  contains  additional 
office  space,  emergency  staff  quar¬ 


ters,  shop,  shielded  laboratory, 
transmitter  cooling  and  air  condi¬ 
tioning  equipment,  furnace  and 
fuel  storage,  together  with  various 
store-rooms  for  spare  equipment 
and  supplies. 

The  staff  quarters  provide  a  mod¬ 
ern  kitchen,  dining  room,  lounge, 
showers,  and  three  bedrooms  each 
containing  two  built-in  single  beds. 
Rather  severe  winter  storms  have 
made  it  necessary  to  provide  facil¬ 
ities  of  this  type,  for  it  is  not 
unusual  for  the  staff  to  find  itself 
snowed  in  for  a  day  or  two.  These 
quarters  also  have  decided  virtues 
after  late  engineering  sessions  on 
the  equipment. 

In  winter  some  of  the  heat  car¬ 
ried  by  the  transmitter  cooling 
equipment  is  injected  into  the  air 
conditioning  system.  Two  large 
electric  stills  are  housed  under  the 
roof  space.  These  discharge  into 
a  large  distilled  water  storage 
tank  in  the  basement.  The  water 
may  be  piped  to  any  of  the  work¬ 
ing  tanks  associated  with  the  cool¬ 
ing  systems  of  any  of  the  trans¬ 
mitters. 

Power  Distribution 

Three-phase  60-cycle  power  is 
obtained  from  a  commercial  steam 


plant  about  15  miles  distant  from 
the  station.  It  is  delivered  at  23 
kv  and  brought  down  to  2300 
volts  at  a  substation  on  the  prop¬ 
erty.  The  total  load  of  the  station 
is  about  750  kva. 

The  incoming  power  feeds  a 
2300-volt  bus  through  an  oil  cir¬ 
cuit  breaker.  From  this  bus  in¬ 
dividual  branch  feeders  lead  to 
each  of  the  three  transmitters,  the 
three-phase  220-volt  domestic  serv¬ 
ice  bank,  the  single-phase  domestic 
bank,  and  the  antenna  lights.  A 
metering  panel  contains  watthour 
meters  for  total  station  load,  total 
transmitter  load,  short-wave  trans¬ 
mitter  No.  1,  short-wave  trans¬ 
mitter  No.  2,  broadcast  transmit¬ 
ter,  three-phase  domestic  load,  sin¬ 
gle-phase  domestic  load,  and  an¬ 
tenna  lighting  load. 

Three  line  voltmeters  are  per¬ 
manently  connected  across  the  main 
2300-volt  bus  and  a  recording  volt¬ 
meter  can  be  switched  to  any  phase. 
Three  ammeters,  a  graphic  watt¬ 
meter  and  a  recording  wattmeter 
can  be  switched  into  any  of  the 
major  loads  listed  previously.  These 
facilities  are  not  common  in  such 
service  but  are  decidedly  useful  in 
providing  information  on  plant 
operations  and  breaking  down 


trancmitter  room  at  Sackyille,  with  portion  of  CBA  broadcast  transmitter  at  the  right  foreground  (on  lower  lerel)  and  the  two 
50-kw  short-wave  transmitters  at  the  left  and  right  of  the  control  consoles  in  the  backgroimd 
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operating  charges.  An  engine- 
driven  generator  has  been  pro¬ 
vided  for  emergency  use  in  the 
•▼ent  of  power  failure. 

Eqaipment 

Two  50-kw  RCA  type  7330-A 
transmitters  are  located  in  the 
building.  They  utilize  high-level 
modulation  and  may  be  operated  at 
any  frequency  between  6  and  21 
me,  at  rated  output.  Their  auxil¬ 
iary  equipment,  consisting  of  dis¬ 
tribution,  plate  and  modulation 
transformers,  modulation  reactor 
and  induction  regulators,  are  lo¬ 
cated  in  a  large  vault  in  the  base¬ 
ment.  The  installation  is  generally 
of  standard  type.  The  inter-unit 
wiring  of  the  transmitters,  mainly 
control,  is  by  metal  troughs  in  the 
floor  slab.  All  power  circuits  run 
in  separate  conduits  and  potheads 
are  used  on  all  circuits  carrying 
2300  volts  or  more.  The  circuits 
carrying  high-level  audio  from  the 
modulation  transformer  in  the  base¬ 
ment  vault  are  run  in  fiber  con¬ 
duit  hung  on  special  insulation  to 
reduce  capacitance  which  might 
affect  the  feedback  loops. 

The  two  operating  consoles  for 
the  short-wave  transmitters  have 
been  grouped  together  between  the 
transmitter  fronts.  Associated 
with  them  are  three  cabinet-type 
relay  racks  containing  such  equip¬ 
ment  as  limiting  amplifiers,  modu¬ 
lation  monitors,  and  feedback 
amplifiers.  Behind  these  racks  are 
two  more  racks  housing  master 
oscillators  of  high  stability.  These 
provide  r-f  output  at  any  desired 
frequency  within  the  range  of 
transmitter  operation,  and  one  is 


connected  to  each  transmitter.  The 
transmitters  may  be  controlled  by 
any  one  of  four  self-contained 
crystals  or  the  master  oscillator  by 
operating  a  selector  switch.  A  sec¬ 
ondary  frequency  standard  is  pro¬ 
vided  for  use  with  the  master  oscil¬ 
lators  and  to  check  the  crystal  fre¬ 
quencies. 

The  transmitters  feed  into  the 
antenna  switching  room.  This  con¬ 
tains  a  bank  of  radio-frequency 
switches  of  special  design  permit¬ 
ting  any  transmitter  to  be  con¬ 
nected  to  any  antenna  (or  more 
properly,  transmission  line),  or  to 
either  of  two  water-cooled  dummy 
loads  used  for  transmitter  tests. 

The  antenna  switches  are 
mounted  on  dead  front  panels,  gen¬ 
erally  similar  to  standard  switch- 
gear  in  appearance,  and  are  hand- 
wheel  operated.  The  switches  are 
interlocked  so  that  one  transmitter 
can  feed  only  one  antenna  at  a 
time.  Associated  with  each  an¬ 
tenna  switch  are  the  controls  for 
the  remote  reversing  and  slewing 
switches  for  that  antenna.  Status 
lights  show  the  operating  condi¬ 
tions  of  each  transmitter,  whether 
the  particular  antenna  is  operating 
direct  or  reversed  and  also  the  di¬ 
rection  of  slew  or  otherwise.  These 
status  lights  are  multiplied  to  a 
panel  at  the  operating  console. 

The  transmitters  operate  into 
loads  of  415  ohms  in  this  instal¬ 
lation  and  this  impedance  is  main¬ 
tained  throughout  the  switching 
and  to  the  r-f  bushings  in  the 
interior  wall  of  the  building.  The 
characteri.stic  impedance  is  then 
raised  to  552  ohms  by  a  tapered 
section  of  line  and  continues  to  the 


antennas  in  this  latter  value.  Con¬ 
siderable  refinement  in  design  was 
necessary  to  maintain  a  constant 
value  of  impedance  throughout  the 
switching  system,  for  all  conditions 
of  switching.  This  was  accom¬ 
plished,  however,  and  the  standing 
wave  ratio  is  affected  to  a  negligi¬ 
ble  degree. 

A  standing  wave  ratio  indicator 
is  mounted  in  the  antenna  switch¬ 
ing  room.  It  is  so  arranged  that 
a  meter  gives  a  direct  scale  read¬ 
ing  of  the  standing  wave  ratio  and 
may  be  switched  into  any  feed.  The 
transmission  lines  are  generally 
conventional  and  of  balanced  two- 
wire  type.  They  are  constructed 
of  1/0  stranded  copper  and  carried 
on  suspension-type  insulators. 

Audio  and  Program  Facilities 

A  complete  unit  of  the  CBC,  in¬ 
cluding  program,  technical,  traffic 
and  administrative  staff,  was  set 
up  in  Montreal  for  international 
broadcasting.  Studios,  recording 
rooms  and  master  control  were  pro¬ 
vided  to  feed  the  Sackville  plant 
directly  over  program  lines  some 
hundreds  of  miles  long,  provided 
by  Canadian  National  Telegraphs 
and  Canadian  Pacific  Telegraphs. 

To  protect  against  occasional  line 
difficulties,  recording  facilities  have 
been  provided  at  Sackville  so  that 
programs  may  be  pre-recorded 
there  and  stored  for  a  few  hours 
or  as  necessary.  Announce  booths 
have  al.so  been  provided  so  that 
the  transmitting  plant  can  operate, 
for  a  reasonable  emergency  period, 
independently  of  the  Montreal 
studios. 

These  requirements,  in  addition 
to  the  normal  broadcast  and  control 
circuits,  led  to  the  provision  of 
a  master  control  at  Sackville.  This 
is  of  the  preset  type  and  can  handle 
up  to  six  simultaneous  programs. 
Monitor  circuits  provide  for  selec¬ 
tion  of  any  incoming  or  outgoing 
program  as  well  as  the  rectified  r-f 
output  of  any  transmitter.  Each 
monitor  position  can  select  any  of 
these  feeds  by  a  dial  selector  unit. 
Monitor  positions  are  located  at  all 
transmitter  control  positions,  mas¬ 
ter  control  and  offices. 

The  whole  plant  was  planned 
and  designed  by  members  of  the 
engineering  division  of  the  CBC, 
under  the  direction  of  the  chief  en¬ 
gineer,  G.  W.  Olive. 
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Time-displacement  linearity  of  oscilloscope  sweeps  can  be  measured  at  tenth-microsecond 
intervals  by  using  a  crystal-controlled,  driven  multivibrator  chain.  Circuit  provides  sweep¬ 
triggering  pulse  and  constant-amplitude,  continuous  calibrating  signal 


Testing  of  certain  electronic 
equipment  requires  the  meas¬ 
urement  of  the  width  or  duration 
of  extremely  narrow,  rectangular, 
recurrent  pulses.  Some  of  these 
pulses  may  have  durations  as  short 
as  one-half  microsecond.  It  may  be 
necessary  to  measure  the  duration 
of  such  pulses  to  an  accuracy  of 
2  per  cent. 

Synchroscope 

Measurement  of  such  short-dura¬ 
tion  pulses  is  usually  accomplished 
with  the  aid  of  a  device  generally 
known  as  a  synchroscope.  This  is 
primarily  an  oscilloscope  with  a 
triggered  sweep  circuit  supplying, 
for  the  horizontal  deflecting  plates 
of  a  c-r  tube,  a  deflection  voltage 
which  varies  at  an  unusually  high 
speed  and  has  a  very  linear  rate  of 
change.  Provision  is  made  for  ap¬ 
plying  the  pulse  to  be  measured 
<lirectly  to  the  vertical  deflecting 
plates  of  the  c-r  tube. 

The  horizontal  sweep  voltage  or 
time  base  varies  at  a  rate  such  that 
total  voltage  swing  may  occur 
In  a  time  interval  of  only  3  or  4 
microseconds ;  the  time  between 
successive  sweeps  may  however  be 
long  in  comparison,  1000 
microseconds  in  the  example  shown 
m  Pig.  1. 


By  WALTER  W.  LUDMAN 

Philailrlphia ,  l‘n. 

The  time  interval  between  suc¬ 
cessive  sweeps  is  controlled  by  the 
recurrence  rate  of  the  trigger  sig¬ 
nal  which  starts  the  sweep  circuit 
functioning.  This  trigger  signal 
can  be  supplied  by  circuits  within 
the  synchroscope  or  from  some  ex¬ 
ternal  source,  but  it  must  be  in  syn¬ 
chronism  with  the  recurrence  rate 
of  the  signal  to  be  viewed. 

When  a  pulse  having  a  duration 
of  only  one  microsecond  is  viewed 
on  an  oscilloscope  provided  with  a 
sweep  having  a  duration  of  3  micro¬ 
seconds,  a  pattern  is  obtained  as 
shown  in  Fig.  2.  Very  accurate 
measurements  of  the  actual  dura¬ 
tion  of  the  pulse  at  any  amplitude 
can  be  made  if  the  exact  time  rate 
of  change  per  unit  of  deflection  of 
the  horizontal  sweep  is  known. 
Various  methods  can  be  used  for 
calibrating  such  a  time  base  in 
terms  of  microseconds  per  inch  of 
deflection. 

Calibration  Techniques 

Most  calibrating  schemes  are 
based  on  the  application  of  a  sine- 
wave  signal  of  known  frequency  to 
the  vertical  channel  of  the  oscillo¬ 


scope.  If  the  frequency  is  known, 
the  time  interval  between  succes¬ 
sive  cycles  of  the  sine  wave  is  sim¬ 
ply  T  =  1/F  seconds  or  10"/F  micro¬ 
seconds.  Thus  a  frequency  of  one 
megacycle  would  have  a  time  in¬ 
terval  of  one  microsecond  between 
successive  cycles. 

In  order  to  make  use  of  such  a 
sine-wave  calibrating  signal  it  is 
necessary  that  the  signal  be  syn¬ 
chronized  with  the  trigger  signal 
which  starts  the  time  base.  This 
requirement  has  led  to  the  general 
adoption  of  various  forms  of  shock- 
excited  oscillators.  Circuits  of  this 
type  are  arranged  to  deliver  a 
damped  wave  train  of  oscillations 
when  excited  by  the  same  trigger 
voltage  which  initiates  the  sweep 
oscillator.  The  time  interval  be¬ 
tween  successive  cycles  of  the 
damped  wave  is  governed  by  a 
tuned  circuit  which  is  resonant  at 
the  desired  frequency. 

The  di.sadvantages  of  this  method 
are:  (1)  Since  the  frequency  is  de¬ 
termined  by  a  simple  tuned  circuit, 
its  alignment  must  be  checked  fre¬ 
quently.  (2)  The  frequency  of  the 
tuned  circuit  can  only  be  checked 
while  it  is  operated  in  a  continuoug- 
wave  oscillator  circuit,  Whethar 
the  resonant  frequency  remains  the 
same  under  conditions  of  shock  ex- 
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Time-base  calibration  requires  a  con¬ 
stant-frequency  calibrating  signal  and  a 
synchronized  pulse  to  trigger  the 
sweep.  A  crystal-controlled  oscillator 
provides  the  calibrating  signal;  multi¬ 
vibrator  frequency-dividers  provide  the 
relatively  long-period,  short-duration 
synchronized  triggering  pulses 
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FIG*  1 — Typical  pulie  sequence,  showing  the  long  and  short 
periods  that  must  be  accommodated  by  a  time-base  calibrator 


FIG.  2 — One-microsecond  pulse  can  appear  distorted  when 
viewed  on  a  high-speed  time  base  if  the  sweep  is  non-linear 


citation  is  questionable.  (3)  A 
damped  wave  train  may  introduce 
errors  because  the  time  interval  of 
each  cycle  is  not  the  same. 

To  overcome  these  drawbacks  the 
system  shown  in  the  block  diagram 
is  used.  The  unit  contains  a  5-mc 
crystal-controlled  oscillator  which 
supplies  the  calibrating  signal.  Be¬ 
cause  the  time  interval  between 
cycles  is  0.2  microsecond,  calibrat¬ 
ing  intervals  of  0.1  microsecond  are 
readily  available. 

Following  the  crystal  oscillator 
is  a  series  of  multivibrators  used 
as  frequency  dividers.  The  first, 
operating  at  500  kc,  is  synchronized 
directly  from  the  crystal  oscillator. 
It,  in  turn,  synchronizes  a  50-kc 
stage  which  in  turn  locks  in  a  5-kc 
multivibrator.  The  output  of 
this  multivibrator  synchronizes  a 
fourth,  whose  frequency  is  variable 
in  synchronized  steps  from  500  to 
2500  cps. 

The  output  of  the  last  multi¬ 
vibrator  is  fed  through  a  pulse¬ 
shaping  amplifier,  a  variable  delay 
network  and  finally  a  cathode- 
loaded  output  stage.  The  function 
of  the  frequency  dividers  and  pulse¬ 
shaping  stage  is  to  produce  a  pulse 
which  is  synchronized  with  the  cali¬ 
bration  signal  and  suitable  for  use 
as  a  trigger  pulse  to  trigger  the 
sweep  circuit  in  the  oscilloscope. 

When  the  oscilloscope  sweep  is 


tion  of  one  microsecond  per  inch  of 
deflection.  If  the  sweep  speed  is 
adjusted  for  10  peaks  per  inch,  the 
calibration  is  equivalent  to  2  micro¬ 
seconds  per  inch. 

Calibrator  Circuit 

The  circuit  shown  in  Fig.  4  is, 
with  few  exceptions,  straightfor¬ 
ward  and  requires  little  explana¬ 
tion.  The  final  multivibrator  is 
made  variable  in  frequency  so  that 
the  oscilloscope  sweep  circuit  can 
be  triggered  at  the  same  repetition 
rate  while  being  calibrated  as  when 
being  used  for  measurements.  This 
multivibrator  is  also  of  the  unbal¬ 
anced  variety,  i.e.,  the  circuit  con¬ 
stants  of  the  two  sections  of  the 
dual  tube  comprising  the  multi¬ 
vibrator  are  considerably  different. 
As  a  result,  one  half-cycle  of  the 
signal  is  much  shorter  in  duration 
than  the  other  half.  This  permits 
obtaining  a  pulse  of  comparatively 
short  duration.  Because  the  shorter 
part  of  the  cycle  appears  as  a  nega¬ 
tive  pulse  on  the  plate  of  the  left- 
hand  triode,  the  output  of  this  sec¬ 
tion  is  applied  to  a  zero-bias  ampli¬ 
fier  which  permits  the  negative 
half-cycle  to  be  amplified  while 
tending  to  clip  the  positive  half¬ 
cycle.  The  amplitude  of  the  nega¬ 
tive  peak  is  sufficient  to  drive  the 
amplifier  grid  to  cutoff  thus  squar¬ 
ing  the  peak. 
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FIG.  3 — Constant-amplitude,  fixed-fre¬ 
quency  sine  wave  serves  to  mark  mi¬ 
crosecond  intervals  on  sweep  for  line¬ 
arity  calibration 


triggered  by  this  pulse  and  the 
calibrating  signal  from  the  crystal 
oscillator  applied  to  the  vertical 
plates  of  the  c-r  tube,  the  stationary 
sine  wave  pattern  of  Fig.  3  is  ob¬ 
tained.  The  variable  delay  control 
in  the  input  to  the  cathode-loaded 
output  stage  permits  positioning 
the  calibration  signal  anywhere 
along  the  time  base. 

As  previously  pointed  out,  the 
time  interval  between  successive 
peaks  of  the  same  polarity  is  0.2 
microsecond.  If  the  sweep  speed 
is  adjusted  until  exactly  five 
peaks  coincide  with  one  inch  of  de¬ 
flection,  the  time  base  can  be  con¬ 
sidered  to  have  an  accurate  calibra¬ 


September  1945  —  ELECTRONICS 


d 


5H 

i20MA 


The  combination 'of  the  25,000- 
ohm  rheostat  and  capacitor 

produces  a  phase  shift  which  is 
capable  of  making  the  signal  ap¬ 
plied  to  the  grid  of  the  cathode- 
loaded  stage  lag  the  signal  at  the 
plate  of  the  preceding  tube  by  al¬ 
most  one  microsecond. 

The  output  signal  is  a  positive 
pulse  having  an  amplitude  of  ap¬ 
proximately  20  volts  peak  and  a 
duration  at  80  percent  of  peak  of 
about  12  microseconds.  The  output 
of  the  crystal  oscillator  is  approxi¬ 
mately  70  volts  peak  to  peak. 

Use  of  Calibrator 

To  insure  utmost  accuracy  of 
calibration  and  measurement  cer¬ 
tain  precautions  have  to  be  ob¬ 
served.  First,  before  the  time  base 
is  calibrated,  the  sweep  should  be 
positioned  by  means  of  the  position 
control  so  that  the  start  of  the 
sweep  is  at  some  definite  reference 
point.  Once  this  adjustment  is 
made  and  the  calibration  performed 
for  this  setting,  all  measurements 
should  be  made  with  the  sweep 
starting  at  the  same  reference 
point. 

Second,  when  calibrating  the 
time  base,  the  calibration  should  be 
made  for  a  certain  definite  portion 
of  the  sweep  (usually  the  one  inch 
nearest  the  center  of  the  oscillo¬ 
scope).  All  future  measurements 
should  then  be  made  on  the  same 
portion  of  the  sweep.  These  two 
precautions  eliminate  possible  error 
due  to  non-linearity  of  the  sweep  or 


non-linearity  of  the  c-r  tube  deflec¬ 
tion. 

Also,  it  is  advantageous  to  use 
the  peaks  of  the  calibration  signal 
which  are  nearest  the  vertical  por¬ 
tion  of  the  c-r  tube  face  used  in 
making  measurements.  Thus  if 
negative  pulses  are  to  be  measured 
on  the  scope,  the  negative  peaks  of 
the  calibrating  signal  would  be 
nearest  to  the  portion  of  the  tube 
face  on  which  the  measurement  is 
to  be  made.  If  measurements  are 
made  at  the  vertical  center  of  the 
screen,  it  may  be  an  advantage  to 
use  the  zero  crossover  portion  of 
the  sine  wave. 

Advantages  of  Calibrator 

The  equipment  described  has  cer¬ 
tain  desirable  features  not  found  in 
calibrators  using  such  methods  as 
triggered  shock-excited  oscillators. 
First  of  all,  because  the  calibration 
signal  is  crystal-controlled  and  op¬ 
erates  continuously,  the  calibration 
signal  covers  the  entire  duration  of 
the  sweep  and  has  a  constant  ampli¬ 
tude  over  the  whole  sweep. 

The  use  of  a  5-mc  calibrating  sig¬ 
nal  enables  the  calibration  of  the 
sweep  to  be  done  at  points  of  one 
microsecond  and  one-half  microsec¬ 
ond  per  inch  of  sweep  with  high 
accuracy.  The  unit  can  also  be 
easily  adapted  to  the  calibration  of 
slower  speed  sweeps  by  utilizing  the 
output  of  the  intermediate  multi¬ 
vibrators  for  a  calibrating  signal. 
For  example,  the  500-kc  multivi¬ 
brator  could  be  used  for  obtaining 


2-microsecond  time  intervals,  20- 
microsecond  points  can  be  obtained 
from  the  50-kc  multivibrator  and 
200-microsecond  intervals  from  the 
5-kc  multivibrator. 

To  make  use  of  the  intermediate 
frequencies  for  calibrating  pur¬ 
poses  it  would  be  desirable  to  pass 
the  output  of  the  multivibrator 
through  an  amplifier  which  has  a 
differentiating  network  in  its  grid 
circuit.  This  practice  would  pro¬ 
vide  sharp,  spike-like  pulses  that 
would  permit  sharper  calibration. 

In  setting  up  the  unit  and  adjust¬ 
ing  the  multivibrators  to  synchro¬ 
nize  on  the  proper  frequencies  a 
single  or  multiple  loop  Lissajou  pat¬ 
tern  can  be  produced  on  an  oscil¬ 
loscope  by  using  the  multivibrator 
output  and  a  standard  signal  gen¬ 
erator.  The  dual  potentiometer  in 
the  grid  circuit  of  the  multivibrator 
is  varied  until  the  Lissajou  pattern 
is  synchronized;-  that  is,  appears 
stationary.  An  alternate  method  is 
to  use  the  output  of  the  crystal 
oscillator  or  the  preceding  multi¬ 
vibrator  in  place  of  the  signal  gen¬ 
erator.  The  final  multivibrator  can 
best  be  checked  for  frequency 
range  by  comparing  its  output  to 
an  audio-frequency  signal  on  the 
oscilloscope. 

Units  of  this  type  have  been  in 
use  by  the  writer  for  several  years 
for  calibrating  oscilloscopes.  The 
results  have  been  consistently  re¬ 
liable.  Few  readjustments  of  the 
multivibrators  have  been  neces- 
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FIG.  4 — Circuit  of  self-contained  time-base  calibrator  which  con  be  built  for  rock  mounting  or  test-bench  use 
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ONE  OF  THE  AGENCIES  of  the 
Corps  of  Engineers,  War  De¬ 
partment,  which  has  consistently 
done  its  part  toward  victory  is  the 
U.  S.  Waterways  Experiment  Sta¬ 
tion.  Established  in  1929  for  the 
primary  purpose  of  making  hy¬ 
draulic  model  studies  of  the  Missis¬ 
sippi  River  and  other  recalcitrant 
streams  and,  through  an  associated 
soil  mechanics  laboratory,  making 
improvements  in  levee  and  dam  de¬ 
sign,  the  activities  of  this  agency 
have  more  recently  been  devoted 
to  problems  of  harbor  protection 
and  improvement  and  airport  de¬ 
sign  as  well  as  other  related  in¬ 
vestigations  concerned  with  the 
war  effort. 

One  of  the  most  important  ad¬ 
juncts  of  this  investigative  agency 
lies  in  the  instrumentation  devel¬ 
oped  for  specific  requirements  die- 
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Chief,  Electrical  and  Mechanical  flection 
V.  E.  Waterways  Experiment  Station 
Vickshurff,  Miss. 


tated  by  the  complex  techniques 
employed  in  the  solution  of  modern 
hydraulics  and  soil  mechanics 
problems.  It  is  the  purpose  of  this 
paper  to  describe  some  of  the  elec¬ 
tronic  devices  which  have  recently 
found  application  in  the  success¬ 
ful  solution  of  several  difficult 
problems.  The  instrumentation  to 
be  described  includes  wave-height 
measuring  apparatus  for  break¬ 
water  and  harbor  studies,  pressure 
cells  designed  to  determine  both 
water  and  earth  pressures,  deflec¬ 
tion  gages  used  in  pavement  stud¬ 
ies,  and  timing  apparatus  for  ve¬ 
locity  determination  by  means  of 
float  measurements.  Other  devices 
in  use  or  under  development  are 
briefly  mentioned. 


interconnected  between  the  indi¬ 
vidual  contacts.  These  resistors 
are  contained  within  the  case,  as 
shown  in  Fig.  2,  except  when  lim¬ 
ited  by  reduced  physical  dimen¬ 
sions  of  the  cases  used  on  small- 
scale  models,  where  closer  contact 
spacing  and  a  small  cross-sectional 
area  are  necessary  because  of  di¬ 
minutive  characteristics  of  the 
wave  patterns.  In  such  instances, 
the  resistors  are  mounted  on  a 
cross-arm  located  above  high- 
water  elevation  and  the  intercon¬ 
nections  to  the  individual  contacts 
are  made  with  small-gage  wires 
running  up  through  the  case  to  the 
cross-arm. 

The  principle  utilized  in  the 
wave-height  measuring  device  in¬ 
volves  the  fact  that  a  water  path 
can  serve  to  complete  an  electrical 
circuit  between  two  points  (in  this 


Breakwater,  levee,  dam,  lock  and  other  marine  experiments  performed  with  models 
utilize  electron  tubes  for  the  determination  of  wave  heights  and  water  pressures.  Earth 
pressures  are  recorded  in  a  manner  which  lends  itself  to  the  testing  of  airport  runway 
pavements.  Special  relay-hooster  and  timing  circuits  are  also  used 


While  the  device  developed  for 
wave-height  measurement  is  not 
strictly  electronic  in  itself,  the 
power  unit  supplying  the  neces¬ 
sary  constant  d-c  voltage  is  elec¬ 
tronically  controlled.  It  is  this 
latter  refinement,  with  its  elimina¬ 
tion  of  frequent  calibrations  neces¬ 
sitated  by  battery  voltage  drop 
during  periods  of  operation  and 
battery  rejuvenation  during  pe¬ 
riods  of  idleness,  that  has  made 
the  wave-height  measuring  device 
a  practical  tool. 

Essentially,  this  device  consists 
of  a  vertical  staff  or  case  contain¬ 
ing  a  series  of  individual  contacts 
in  one  face,  covering  the  vertical 
range  of  water  movement  expected, 
and  a  continuous  contact  on  the 
opposite  face,  as  illustrated  in  Fig. 
1.  Small  (i-watt)  resistors  are 


FIG.  2 — Photograph  of  the  waTe-h*tokl 
measuring  staff  shown  schematit^ 
in  Fig.  1.  Resistors  are  within  the  i*®* 
and  their  leads  form  contacts 


Wave-Height  Measurement 


FIG.  1 — Schematic  of  a  staff  which 
facUitotes  determination  of  wave 
heights.  A  photograph  of  the  staff  is 
shown  in  Fig.  2 
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instance,  the  continuous  contact 
strip  on  one  face  of  the  case  and 
whichever  of  the  individual  con¬ 
tacts  on  the  other  face  is  located 
on  the  water  surface  at  that  in¬ 
stant).  The  resistance  of  this 
electrical  circuit  can  be  made  to 
'ary  in  inverse  proportion  with  va- 
■^tions  in  the  water-surface  eleva- 
tion  by  suitable  calculation  of  the 
individual  resistors  installed  be¬ 
tween  contacts.  Thus,  when  a  con¬ 
stant  d-c  voltage  is  impressed 
^ross  the  terminals  of  the  resist¬ 
ance  staff,  the  resulting  current 
changes  in  the  electrical  circuit 
*111  correspond  directly  with 
changes  in  water-surface  eleva¬ 
tion,  or  wave  height. 

The  calibration  curve  shown  in 
3  represents  the  oscillograph 
^Ucctions  obtained  in  calibrating 
*  twave-height  measuring  device 
*tth  a  2i-foot  range.  This  calibra- 
®®wa8  obtained  by  making  incre- 
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mental  variations  of  the  submerg¬ 
ence  of  the  resistance  staff  in  still 
water  and  observing  the  corre¬ 
sponding  deflections  of  the  galva¬ 
nometer  beam.  It  should  be  noted 
at  this  point  that  a  continuous 
curve  is  obtained  on  the  oscillo¬ 
gram  as  the  resistance  staff  is 
moved  through  its  range  in  the 
water.  Although  in  theory  a 
stepped  record  would  be  obtained 
as  determined  by  the  spacing  of 
the  individual  contacts,  in  actual¬ 
ity  the  variation  in  contact  area  as 
the  .staff  is  submerged  is  sufficient 
to  result  in  a  practically  continu¬ 
ous  curve.  Resistance  of  the  water 
path  remains  fairly  constant 
throughout  the  operating  range; 
any  possible  error  from  this  vari- 
.  able  and  from  changes*  in  the  con¬ 
ductivity  of  the  water  is  eliminated 
by  the  use  of  a  current-limiting 
resistor  included  in  •  the  calcula¬ 
tions  of  individual  resistor  values; 


it  has  not  been  found  necessary  to 
add  salt  to  the  water  or  otherwise 
alter  its  natural  conductivity. 

A  constant  d-c  voltage  must  be 
impressed  on  the  terminals  of  the 
resistance  staff.  It  is  obvious  that 
this  device  is  voltage-sensitive  in 
regard  to  calibration.  It  was  found 
in  practice  that  there  were  slight 
irregularities  in  the  output  of  a 
conventional  power  supply  operat¬ 
ing  from  the  a-c  lines,  even  when 
voltage  regulator  tubes  were  used. 
Futhermore,  the  output  of  such  a 
device  contained  traces  of  60  and 
120-cycle  voltages  and  their  har¬ 
monics,  even  with  an  oversized 
double-section  filter,  and  the  device 
was  affected  by  transients  in  the 
a-c  supply.  Accordingly,  several 
electronically  operated  voltage- 
stabilizing  circuits  were  investi¬ 
gated  and  a  satisfactory  circuit 
developed.  The  circuit  as  finally 
evolved  was  an  adaptation  of  the 
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FIG.  3 — Calibration  curve  showing  de¬ 
flection  in  inches  on  the  screen  of  on 
oscillograph  versus  submergence  of  a 
wave-height  meosuring  staff  in  feet 

voltage  stabilizer  controlled  by  a 
thermionic  pentode  described  by 
Evans',  operated  in  conjunction 
with  a  gaseous  voltage  regulator 
tube  rated  at  90  volts.  The  com¬ 
plete  circuit  is  shown  in  Fig.  4. 
This  circuit  provides  an  output 
voltage  of  extreme  stability,  com¬ 
pletely  protected  from  a-c  tran¬ 
sients  and  long-time  surges.  The 
resulting  straight  trace  on  the 
oscillogram  is  indistinguishable 
from  a  d-c  battery  trace  even  when 
the  equipment  is  operating  at  full 
sensitivity.  As  a  matter  of  fact, 
the  calibrations  obtained  with  this 
device  have  been  found  to  be  so 
consistent  that  it  is  now  necessary 
to  calibrate  the  resistance  staffs 
themselves  only  at  more  or  less  in¬ 
frequent  intervals;  for  this  reason 
an  artificial  calibrating  arrange¬ 
ment  has  been  added  to  the  equip¬ 
ment  in  order  to  facilitate  setting 
and  checking  galvanometer  sensi¬ 
tivity  for  waves  of  various  heights. 

A  block  diagram  of  the  complete 
wave-height  measuring  apparatus 
is  shown  in  Fig.  5.  All  of  the  com¬ 
ponent  parts  described  in  the  para¬ 
graph  above  are  contained  in  a 
single  chassis  assembly,  the  only , 
external  connections  being  the  in¬ 
put  lead  from  the  resistance  staff, 
the  output  lead  to  the  oscillograph, 
and  the  connection  to  the  a-c  line. 
For  use  on  a  wave-action  model,  as 
many  of  these  assemblies  as  may 
be  required,  depending  on  the 
number  of  points  of  wave-height 
measurement  to  be  recorded  simul¬ 
taneously,  are  placed  in  a  rack  at 
the  point  of  recording.  A  group  of 
five  of  these  devices  so  assembled 
is  pictured  in  Fig.  6.  Oscillo¬ 
graphic  recording  is  employed  be¬ 


cause  of  the  short  wave  period  (1 
to  3  sec)  of  the  model  waves  en¬ 
countered.  For  waves  of  a  longer 
period  a  recording  meter  could  be 
connected  in  place  of  the  oscillo¬ 
graph  with  equivalent  results. 

Water-level  variations  ranging 
from  10  feet  down  to  less  than  0.01 
foot  have  been  measured  with  va¬ 
rious  physical  versions  of  the 
wave-height  measuring  device,  and 
no  difficulty  is  foreseen  in  extend¬ 
ing  this  range  in  either  direction. 
The  staff  can  be  made  of  sufficient 
length  to  extend  below  the  trough 
and  above  the  crest  of  the  maxi¬ 
mum  wave  to  be  measured,  and  the 
cross-section  may  be  as  large  as  is 
necessary  to  secure  the  desired 
rigidity.  A  three-foot  resistance 


staff  has  been  operated  in  the  Ex¬ 
periment  Station  lake  for  experi¬ 
mental  purposes.  In  this  installa¬ 
tion,  a  recording  milliammeter  was 
employed,  together  with  a  system 
of  relays  to  control  the  interval 
and  length  of  records  taken.  This 
relay  circuit  was  interconnected 
with  two  trigger  elements  mounted 
on  either  side  of  the  resistance 
staff  in  order  that  storm  waves  not 
in  coincidence  with  the  set  inter¬ 
vals  of  wave  recording  would  not 
be  missed,  with  the  intervals  be¬ 
tween  recordings  being  succes¬ 
sively  reduced  as  the  heights  of 
the  waves  exceeded  the  values  for 
which  the  triggers  were  set. 

Prototype  applications  of  this 
device  in  lakes  or  even  the  ocean 
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FIG.  4 — Voltage-stabilized  power  supply  used  in  conjunction  with  wave-height 
measuring  equipment.  Provision  for  setting  and  checking  galvanometer  sensi¬ 
tivity  is  included  in  this  circuit  to  insure  maintenance  of  calibration 
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FIG,  5 — Block  diagram  of  the  complete  wave-height  measuring  apparatus 
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have  been  given  consideration. 
The  staff  could  be  attached  to  an 
existing  nonfloating  structure  such 
as  a  fixed  channel  marker  or  a 
breakwater,  or  to  a  substantial  pile 
pile  clump  driven  at  the  desired 
location,  while  if  excessive  depth 
precluded  erection  of  a  fixed  struc¬ 
ture  on  which  to  mount  the  staff 
appropriately  anchored  floating 
ng  would  suffice.  Wave-height 
measurements  from  these  installa¬ 
tions  could  easily  be  relayed  by 
radio  to  recording  meters  located 
on  shore  or  elsewhere.  It  is  be¬ 
lieved  that  the  resistance  staff  can 
be  adapted  readily  to  the  measure¬ 
ment  and  recording  of  full-size 


Determining  Wave  Pressure 

'Eight  pressure  cells  were  sup¬ 
plied  by  a  commercial  firm  in  ac¬ 
cordance  with  specifications.  The 
iimplest  single-channel  setup  in¬ 
cludes  a  pressure  cell,  an  attenu¬ 
ator,  a  one-stage  amplifier,  a 
rectifier  and  filter,  an  oscillator, 
and  a  power  supply.  These  com- 
pents  constitute  a  modulated  a-c 
bridge  as  shown  in  Fig.  7. 

The  pressure  cells  or  gage  heads 
have  a  range  of  0  to  1  psi  when  in 
their  most  sensitive  adjustment. 
This  range  may  be  attenuated  in 
the  amplifier  input  circuit  to  a 
range  of  0  to  8  psi.  The  pressure 
cell  is  approximately  two  inches  in 
diameter  and  four  inches  long,  and 
consists  of  three  essential  parts: 
the  diaphragm,  the  cell  body,  and 
the  coil  holder.  Construction  is 
'hown  in  Fig.  8.  The  diaphragm, 
fastened  to  the  gage  body,  carries 
an  armature  which  transforms  the 
Jiaphragm  movements  caused  by 
pressure  into  changes  of  reactance 


FIG.  6 — Five  wave-height  meaiuring  units  may  be  seen  in  the  portable  rack, 
with  an  oscillograph  at  the  right 


of  the  coil.  A  second  coil  in  the 
unit,  known  as  the  balancing  unit, 
remains  at  a  constant  reactance,  at 
a  value  determined  by  adjustments 
made  during  calibration.  The  two 
coils  are  so  interconnected  in  the 
a-c  bridge  arrangement  that  any 
movement  of  the  armature  due  to 
pressure  will  cause  a  voltage 
change  in  the  amplifier  input  cir¬ 
cuit.  The  a-c  voltage  is  amplified, 
rectified,  and  filtered.  The  final 
result  is  a  direct-current  output 
proportional  to  the  applied  pres¬ 
sure.  By  connecting  a  recording 
oscillograph  to  the  output,  dy¬ 
namic  records  of  water  pressures 
under  any  desired  conditions  of 
operation  are  obtained. 

The  pressure  cells  just  described 
were  secured  originally  for  the 
study  of  wave  force  against  break¬ 
waters,  in  which  it  was  necessary 


to  determine  the  pressures  exerted 
by  the  waves  at  various  elevations 
in  order  to  develop  vertical  pres¬ 
sure  curves  for  use  in  future  de¬ 
sign  problems.  Figure  9  shows  a 
special  model  breakwater  section 
equipped  with  pressure  cells  and 
wave-height  measuring  contacts. 
The  cells  were  soon  found  to  be 
ideally  suited  to  other  applications. 
One  of  the  more  interesting  was  in 
the  study  of  pressures  due  to  water 
hammer  in  a  model  of  the  Fort 
Peck  Dam  power  tunnel. 

Pressure  cell  equipment  has 
been  successfully  adapted  to  sup¬ 
ply  another  long-needed  apparatus 
— a  device  for  recording  rapid  fluc¬ 
tuations  of  pressure  in  hydraulic 
systems  in  which  conditions  do  not 
permit  installation  of  a  cell  at  the 
point  of  measurement.  An  instru¬ 
ment  for  measuring  instantaneous 


■  7— Block  diagram  of  a-c  bridge  circuit  used  to  determine  wave  pressure  exerted 
model  breakwaters,  dams  and  other  marine  structures.  The  two  inductance 
thown  within  the  dashed  lines  constitute  the  pressure  cell  shown  in  Fig.  8 
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FIG.  8 — Gage  head  or  cell  em¬ 
ployed  in  the  determination  of  wave 
pressure.  Two  such  cells  may  be 
seen  In  the  photograph  of  Fig.  9 


values  of  pressure  within  a  liquid 
body  has  been  given  the  name 
dynamic  pressure  meter,  and  is  il¬ 
lustrated  in  Fig.  10.  Operation  of 
this  device  depends  upon  the  hy¬ 
draulic  principle  that  the  pressure 
impulse  at  the  small  opening  in 
the  probe  will  be  transmitted  prac¬ 
tically  undiminished  through  the 
confined  liquid  to  the  face  of  the 
pressure  cell.  The  device  is  sensi¬ 
tive  to  the  rapid  pressure  fluctua¬ 
tions  long  known  to  exist  in  pump 
intakes  and  around  baffle  blocks 
below  dams.  Such  measurements 
have  been  impossible  to  secure 
with  the  open-well  piezometers 
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FIG.  10 — Method  employed  to  record  rapid  fluctuations  of  pressure  in  hydraulic 
systems,  using  one  of  the  pressure  cells  designed  to  measure  wave  pressures. 
This  particular  device  is  called  a  dynamic  pressure  meter 


with  airport  pavement  design,  for 
field  measurements  of  penstock 
water-hammer  pressures,  and  for 
other  similar  applications.  Both 
direct-current  (direct  coupled) 
and  alternating-current  types  of 
amplifiers  have  been  developed  for 
use  in  connection  with  these  pres¬ 
sure  cells. 

Figure  11  shows  a  typical  field 
installation  for  dynamic  measure¬ 
ment  of  earth  pressures,  in  which 
six  direct-current  amplifiers  were 
employed.  In  this  application  it 
was  considered  necessary  to  use 
direct-current  amplifiers  due  to  the 
high-frequency  shock  pressures  to 
be  recorded.  The  circuit  for  these 
previously  employed  due  to  their  amplifiers  was  based  on  the  circuit 
inherent  unresponsiveness  to  rapid  described  by  Trevino  and  Offner*. 
pressure  fluctuations.  The  dynamic  For  other  applications  it  has  been 
pressure  meter  has  been  adapted  possible  to  use  alternating-current 
to  a  wide  range  of  uses  involving  amplifiers,  and  a  more  or  less 
measurements  of  both  dynamic  standard  circuit  has  been  devel- 
and  static  pressures. 

Recording  Earth  Pressures 

The  pressure  cells  described  are 
only  one  of  several  types  employed. 

Various  applications,  both  for 
model  work  and  in  the  field,  have 
involved  the  use  of  many  of  the 
well  -  known  pressure  -  responsive 
elements  such  as  Goldbeck  cells, 

Carlson  stress  meters,  and  SR-4  re¬ 
sistance  strain  gage  cells.  The 
principal  activities  of  the  Experi¬ 
ment  Station  have  been  in  the 
development  of  cells  utilizing  re¬ 
sistance-wire  strain  gages  and 
associated  electronic  equipment. 

This  equipment  has  been  used  for 
studying  settlement  pressures  in 
earth-filled  dams,  for  pressure  dis¬ 
tribution  studies  in  connection 


oped  for  this  equipment,  which 
includes  a  2000-cycle  oscillator  to 
supply  bridge  voltage,  a  three- 
stage  amplifier,  rectifier,  and  fil¬ 
ters.  A  block  diagram  of  this 
equipment  is  presented  in  Fig.  12. 

Pressure  cells  for  hydrostatic 
measurements  are  somewhat  sim¬ 
pler  in  construction  than  the  earth 
pressure  cells,  and  this  type  of  cell 
will  therefore  be  described  first. 
The  basic  element  employed  in 
these  devices  is  the  SR-4  resistance 
wire  strain  gage,  which  consists  of 
a  grid  of  very  fine  resistance  wire 
assembled  on  a  thin  layer  of  paper, 
with  suitable  protective  felt  cov¬ 
in  practice  this  gage  is 


FIG.  9 — Model  breakwater  section 
equipped  with  cells  such  as  the  one 
illustrated  in  Fig.  8  for  the  measure¬ 
ment  of  wave  pressure,  and  contacts 
such  as  those  illustrated  in  Fig.  1  and 
Fig.  2  for  the  determination  of  wave 
height 


ering. 

cemented  to  a  metal  diaphrap 
and  functions  by  virtue  of  the  fact 
that  strain  in  the  diaphragm  re¬ 
sulting  from  bending  due  to  ap 
plied  pressure  will  result  in  strain 
in  the  wire  grid  sufficient  to  pro- 


FIG.  11 — Field  installation  of  resistance-wire  strain  gage  equipment 
to  measure  earth  pressures.  One  of  its  uses  was  in  connection  wit 
sign  of  bombproof  shelters.  In  this  instance  d-c  amplifiers  were 
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applied  to  the  faceplate  will  be 
uniformly  applied  to  the  dia¬ 
phragm. 

The  six-channel  amplifier  shown 
in  Fig.  14  is  typical  of  the  elec¬ 
tronic  equipment  provided  for  use 
with  pressure  cells  or  other  de- 


CAPACITOR  DECADES 
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-CAPACITANCE  BALANCE 


FIG.  12 — Block  diagram  of  a-c  bridge  circuit  used  in  coniunction  with  re¬ 
sistance-wire  strain  gages  for  the  measurement  of  earth  pressures 
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dace  a  change  in  the  resistance  of 
the  wire.  It  is  this  change  in 
resistance,  previously  correlated 
with  pressure  applied  to  the  dia¬ 
phragm,  which  provides  a  measure 
Ilf  the  pressures  under  observa¬ 
tion.  Temperature  compensation  is 
ttcured  by  mounting  a  second 
strain  gage  on  a  portion  of  the  cell 
tot  subject  to  strain,  or  in  some 
cases  so  mounted  on  the  edge  of 
the  diaphragm  that  compression 
occurs  as  pressure  is  applied.  In 
either  case,  this  compensating 
fage  is  connected  in  an  arm  of  the 
input  bridge  in  opposition  to  the 
tension  gage  as  shown  in  Fig.  12, 
vhich  results  in  cancellation  of 
strain  changes  in  the  material  due 
to  temperature  variations. 
Constructional  details  of  the  hy¬ 
drostatic  cell  are  shown  in  Fig.  13. 
hote  the  active  gage  mounted  on 
the  machined  diaphragm,  the 
temperature  -  compensating  gage 
®ounted  on  a  metal  shelf  above  it 
Mt  subject  to  strain  due  to  pres- 
and  the  three-conductor 
eihle  brought  out  of  the  rear  of 
'h«  cell  through  a  water-tight 
ticking  nut.  The  face  of  the  cell 

*  covered  by  a  sand  screen  to  ex- 
'liide  earth  from  intimate  contact 
‘*fh  the  cell  diaphragm  in  cases 
*hsre  the  cell  is  installed  in  earth 
^ms  for  measurement  of  pore 
^r^ures.  Other  applications  of 

cell  have  included  investiga- 
of  micro-turbulence  and 
^ro-turbulence  n  the  bed  of  the 
j^Usippi  River. 

pressure  cell  differs 
■  the  hydrostatic  cell  in  that 
,  •  sure  does  not  act  directly  on 

•  ^  “ikphragm.  In  this  type  of  cell 


the  pressure  is  applied  to  a  ma¬ 
chined  faceplate  which  is  con¬ 
nected  to  the  cell  body  through  a 
flexural  ring  milled  in  its  periph¬ 
ery.  The  space  between  the  face 
plate  and  the  diaphragm  is  filled 
with  transformer  oil  under  low 
pressure.  This  construction  in¬ 
sures  that  any  uneven  pressure 


FIG.  13 — Photo  showing  constructional 
details  oi  a  hydrostatic  pressure  cell. 
The  active  resistance-wire  strain  gage 
element  is  mounted  on  a  machined 
diaphragm  subject  to  flexure  by  pres¬ 
sure,  while  a  temperature-compensating 
gage  element  is  mounted  on  a  shelf 
which  is  not  subject  to  such  flexure 


FIG.  14 — Two  views  of  a  six-channel  amplifier  used  in  conjunction  with  pres¬ 
sure  cells  or  other  devices  containing  resistance-wire  strain  gages 
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FIG.  15 — Circuit  of  three-stage  amplifier  employed  in  the  unit  pictured  in  Fig.  14.  It 
is  used  in  conjunction  with  the  oscillator  shown  schematically  in  Fig.  16  and  the 
power  supply  shown  in  Fig.  17 


FIG.  16 — Res'stance-controlled  2000-cycle  oscillator  used  in  combination  with  ampli¬ 
fiers  such  as  the  one  shown  schematically  in  Fig.  15.  It  supplies  power  to  six  a-c 
bridges,  the  output  of  which  drives  associated  ampliliers  and  oscillographs 


FIG.  17 — Electronically-stabilized  power  supply  used  with  amplifiers  such  as  the 

one  shown  in  Fig.  15 


vices  containing  resistance  strain 
gages  as  the  measuring  element. 
The  detailed  circuit  for  a  typical 
three-stage  amplifier  is  presented 
in  Fig.  15,  including  the  rectifier, 
filter,  and  output  selector  connec¬ 
tions.  The  2000-cycle  oscillator  dia¬ 
gram  is  shown  in  Fig.  16.  A  resis¬ 
tance-controlled  circuit  was  s^ 
lected  for  stability.  The  buffer 
stage  serves  to  divorce  the  oscil¬ 
lating  circuit  from  load  change.® 
and  the  power  stage  supplies  the 
necessary  output  for  operating  si? 
bridge  circuits.  The  electronical!} 
regulated  power  supply  is  showr 
in  Fig.  17.  This  circuit  provides  a! 
constant  plate  voltage  for  each 
amplifier  channel,  unaffected  by 
line  transients  or  load  changes. 

In  operating  the  equipment,  each 
input  circuit  is  brought  to  a  re¬ 
sistive  and  capacitive  balance  and 
the  oscillator  voltage,  individual 
channel  gain,  and  output  shunt  are 
adjusted  for  the  desired  attenua¬ 
tion  as  determined  by  the  resis¬ 
tance  change  expected.  Calibra¬ 
tion,  in  terms  of  resistance  change, 
is  then  accomplished  by  means  ofl 
the  decade  resistance  units  incor-j 
porated  in  the  input  circuit. 

The  particular  equipment  justl 
described  was  designed  for  useonj 
airport  pavement  tests  for  deter¬ 
mining  pressure  distribution  in  the] 
subgrade  and  for  measuring  pave¬ 
ment  deflections.  For  the  former] 
measurements  the  earth  pressun 
cell  is  used,  while  for  the  latte: 
measurement  a  special  deflectioi 
gage  has  been  developed.  This  de¬ 
vice  employs  the  8R-4  gage  as  thi 
measuring  element,  but  in  thi 
case  strain  is  produced  in  thegagf 
by  movement  of  a  cantilever  an 
on  which  the  gage  i-s  mounteij 
Movement  of  the  cantilever  arm  ! 
produced  by  a  tapered  pin  whici 
is  displaced  as  the  pavement 
fleets  under  load.  Construction- 
details  of  this  gage  are  shown 
Fig.  18.  This  gage  is  installed 
the  surface  of  the  pavement  i 
shown  in  Fig.  19. 

Both  the  pressure  cells  and  d* 
flection  gages  employing  the 
.•distance  strain  gages  have  a  lit'^'*’ 
characteristic  over  their  operand 
range.  Figure  20  is  a  calibr^' 
tion  curve  for  a  deflection 
with  a  0.3-inch  range.  This 
was  obtained  by  making  increm^f 
tal  offsets  on  the  gage  and  w 
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FIG.  18 — Details  of  a  gage  xised  to 
measure  pavement  deflections 


puling  resistance  changes  from 
readings  required  to  balance  a 
special  Wheatstone  bridge  de¬ 
signed  for  use  with  these  gages.  In 
operation,  the  amplifier  is  cali¬ 
brated  as  previously  explained  by 
recording  0.1-ohm  resistance 
I  changes  on  the  oscillogram.  This 
calibration  is  then  used  in  con¬ 
junction  with  the  gage  factor 
stated  on  the  calibration  curve  as 
imeans  of  interpreting  the  deflec¬ 
tion  records  obtained  during  load 
passages  over  the  pavement.  The 
oscillogram  in  Fig.  21(A)  illus¬ 
trates  the  calibration  method  just 
described,  while  the  oscillogram 
iaFig.  21(B)  shows  a  typical  rec¬ 
ord  obtained  from  pressure  cells 
■nstalled  in  an  airport  pavement 
test. 

Other  Electronic  Applications 

Circuits  involving  thyratron 
tabes  have  been  developed  for  a 
dumber  of  applications.  For  ex- 
®Ple,  on  all  models  involving  the 
’iroulation  of  tidal  action,  a  rather 
complicated  cam-operated  appara¬ 
tus  has  been  developed  for  auto- 
®atic  and  continuous  reproduc- 
bon  of  the  tidal  cycle.  Irregulari- 
ties  in  operation  of  this  equipment 
traced  to  floating  control  con- 
^bs,  at  which  point  inevitable 
surface  corrosion  film  was  causing 


FIG.  19 — Method  of  installing  the  gage 
illustrated  in  Fig.  18  in  pavement 


erratic  closing  of  control  relays. 
Insertion  of  a  thyratron-operated 
booster  relay  in  the  floating  con- 
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tact  circuit  has  completely  allevi¬ 
ated  this  difficulty. 

A  typical  booster-relay  thyra¬ 
tron  circuit  as  employed  on  tide- 
control  equipment  is  shown  in 
Fig.  22.  The  grounding  polarity 
light  is  incorporated  as  a  ready 
means  of  determining  proper 
polarity  in  plugging  in  the  equip- 


I  0.270 
u 

-0.240 

Z 

“0.210 

z 

0-0.180 

^0.150 

LU 

<0.120 

p 

^0.090 


uj  0.030 


GAGE  NO.  I 
GA6E  FACTOR; 
O.OBS'/O.IO  A 


I  O.OO0I4-J - 1 - 1 - 1 - ^ - 1 - 1 

0.00  0.05  0.10  0.15  0.20  0.25  0.30  0.35 
RESISTANCE  CHANGE  IN  OHMS 

FIG.  20  —  Deflection  -  gage  movement 
versus  resistance  change  in  ohms 
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FIG.  21 — (a)  Oscillogram  illiutrating  the  method  of  calibrating  a  deflection 
gage  explained  in  the  text,  (b)  Typical  record  obtained  from  a  deflection  gage 
installed  in  the  pavement  of  an  airport  runway 
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ment,  which  is  frequently  moved 
about,  since  proper  and  foolproof 
grounding  of  the  equipment  is  con¬ 
sidered  essential  due  to  its  cus¬ 
tomary  use  in  proximity  to  bodies 
of  water.  The  transformer,  recti¬ 
fier,  and  filter  provide  a  steadier 
operating  condition  for  the  thyra- 
trons  than  could  be  obtained  with 
straight  a-c  operation,  and  were 
incorporated  for  this  reason.  The 
indicating  lights  were  included  as 
a  visual  aid  to  the  operator  during 
adjustment  of  the  tidal  apparatus. 

Another  thyratron-controlled  re¬ 
lay  circuit  has  been  developed  for 
timing  the  passage  of  floats  be¬ 
tween  fixed  points  in  model  dis¬ 
charge  ranges  and  has  proved  to 
be  much  more  accurate  than  pre¬ 
vious  manual  timing  methods.  The 
problem  here  was  to  start  a  stop¬ 
watch  as  a  float  passed  under  a 
wire  at  a  certain  point  and  to  stop 
the  watch  as  the  float  passed  an¬ 
other  wire,  say  12  inches  down¬ 
stream  from  the  first  wire.  This  is 
accomplished  in  the  circuit  shown 
in  Fig.  23. 

Passage  of  a  metallic  float  under 
a  cat-whisker  wire  produces  a 
momentary  high-resistance  con¬ 
tact  sufficient  to  fire  the  thyratron 
tube  and  its  associated  relay.  This 
operation  starts  the  electric  stop 
watch,  locks  out  the  relay  circuit 
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FIG.  23 — Electronic  circuit  used  to  time  the  passage  of  a  metallic  float  down  a 
model  waterway.  The  float  contacts  a  wire  as  it  passes  the  starting  point  and 
a  clock  is  started.  It  then  contacts  another  wire  farther  downstream  and  the 

clock  is  stopped 


for  a  fraction  of  a  second  to  pre¬ 
vent  any  effects  from  bouncing 
of  the  float  on  the  initial  contact, 
and  then  sets  up  the  relay  circuit 
to  drop  out  on  the  next  contact. 
Passage  of  the  float  under  the  sec¬ 
ond  cat-whisker  wire  results  in 
stopping  of  the  stop-watch,  tem¬ 
porary  locking  out  of  the  relay 
circuit  as  explained  above,  and 
then  restoration  of  the  relay  cir¬ 
cuit  to  the  starting  condition.  This 
circuit  makes  it  necessary  to  use 


FIG.  22 — Thyratron  booster  circuit  employed  in 'studies  of  tidal  cycles.  It  avoids 
irregularities  of  operation  formerly  caused  by  corrosion  of  contacts  mounted 
on  floating  supports  and  insures  proper  control  relay  operation 


only  one  lead  wire  from  the  con¬ 
tacting  frame  to  the  thyratron  cir¬ 
cuit,  which  enables  the  operator 
to  make  a  very  sensitive  adjust¬ 
ment  of  the  operating  point. 

Electronic  devices  are  meeting 
the  instrumentation  requirements 
of  the  Experiment  Station  by  means 
of  the  apparatus  described  above 
and  in  many  other  ways.  Much 
work  has  been  done  in  connection 
with  model  photography,  including 
timed  flashes  for  velocity  measure¬ 
ments  by  means  of  timed  floats, 
and  in  the  timing  of  photographic 
processes.  Salt-water  studies  have 
required  the  development  of  con¬ 
ductivity  apparatus,  and  a  soil 
moisture  content  and  temperature 
investigation  has  required  other 
special  equipment.  New  develop¬ 
ments  and  applications  are  contin¬ 
uously  under  way  in  the  Elec¬ 
trical  Measurements  Laboratory. 

The  Waterways  Experiment  Sta¬ 
tion  operates  under  the  super¬ 
vision  of  the  President,  Missis¬ 
sippi  River  Commission,  which  is 
a  direct  agency  of  the  Office  of  the 
Chief  of  Engineers.  Brigadier 
General  Max  C.  Tyler  is  President, 
Mississippi  River  Commission, 
while  activities  of  the  Experiment 
Station  are  directed  by  Gerard  H. 
Matthes,  Head  Engineer. 
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INTERFERENCE  IN 
F-M  RECEIVERS 


Review  of  equations  covering  interference-suppressing  ability  when  desired  and  unde- 
-ired  signals  have  the  same  average  frequency,  with  experimental  verification  by  measure¬ 
ments  on  a  representative  commercial  receiver 


HERE  has  been  developed  a  By  ROBERT  N.  JOHNSON 


There  has  been  developed  a 
theory  by  Reich*,  Pollack*,  and 
several  others  concerning  the  ratio 
of  interference  to  desired  signal  in 
the  audio  output  of  an  idealized  fre¬ 
quency-modulation  receiver  for 
known  ratios  of  interfering  to  de¬ 
sired  input  signals.  The  object  of 
this  investigation  was  to  determine 
whether  or  not  an  average  commer¬ 
cial  frequency-modulation  receiver 
adheres  to  this  theory  regarding 
interference. 

The  type  of  interference  which 
was  studied  and  applied  in  measur¬ 
ing  the  suppression  ability  of  the 
receiver  under  test  was  that  which 
results  from  two  signals  having  the 
same  average  frequency,  one  being 
considered  as  the  desired  signal  and 
the  other  as  an  interfering  signal. 
The  conditions  chosen  represent  an 
interference  problem  at  its  worst. 

l^ory  of  Single-Channel  Interference 

For  convenience,  consider  the  de¬ 
sired  signal  to  be  of  unit  amplitude, 
sod  the  interfering  signal  to  be  of 
stnplitude  a.  It  is  assumed  that  if 
®were  comparable  to  “unity,”  the 
interference  would  be  so  great  that 
no  one  would  attempt  to  listen  to 
the  desired  signal.  Consequently, 
this  case  has  little  practical  inter¬ 
net.  However,  when  the  desired  sig- 
is  at  a  modulation  lull,  the  in¬ 
terfering  signal,  even  though  rela- 
ti'^ely  small  in  magnitude,  produces 
so  undesirable  psychological  effect, 
noice  it  can  now  be  heard  together 
^th  the  desired  audio  output.  It 
under  these  general  conditions 
the  interference  suppression 
s  commercial  receiver  was 
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Collingawood,  N.  J. 

A  term  which  occurs  quite  fre¬ 
quently  in  the  analysis  of  single¬ 
channel  interference  is  instantane¬ 
ous  frequency.  Assuming  a  voltage 
of  the  form  e  =  A  cos  <f),  a  cus- 
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FIG.  1 — Vector  diagram  for  desired  and 
undesired  f-m  signals,  both  having  the 
same  frequency 
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FIG.  2 — Frequency  response  of  output 
system  into  which  audio  system  of  f-m 
receiver  was  fed  for  visual  indication 
of  interference  wove  form 


FIG.  3 — Calculated  interference  pattern 
envelopes  for  deviations  of  15  and  75  kc 


tomary  and  suitable  definition  of 
instantaneous  frequency  is  <i>  = 
d<i>/dt,  where  u)  is  the  instantaneous 
angular  frequency  and  repre¬ 

sents  the  rate  of  change  of  the 
angular  displacement  with  respect 
to  time.®  It  is  this  definition  that 
will  be  used. 

The  desired  signal  is  not  modu¬ 
lated,  the  condition  of  a  modulation 
lull  being  assumed ;  only  the  carrier 
is  present.  The  undesired  signal  is 
frequency-modulated  with  a  fre 
quency  deviation  of  ±:Aa)  and  at  a 
modulation  frequency  of  a)„  which 
is  much  less  than  the  carrier  fre¬ 
quency. 

Referring  to  Fig.  1,  the  desired 
and  undesired  signals  at  some  in¬ 
stant  of  time  are  respectively  1  cos 
3  and  a  cos  a.  The  following  expres¬ 
sions  may  be  written 

•  =  wo  =  constant  carrier  frequency  (1) 
0  =  y*  wo  dt  =  wo<  +  6  (2) 

— =  w'(0  =  wo  -H  Aw  cos  (wm<)  (3) 

which  represents  the  frequency 
variations  of  a  frequency-modu¬ 
lated  signal.  Then 

a  =  y*  w'(t)dl  =  r wof  +  —  8in(wml-l-®)  1 

L  -I 

(4) 

The  output  of  a  frequency-modu¬ 
lation  receiver  should  be  propor¬ 
tional  to  the  instantaneous  fre¬ 
quency  of  the  input  signal.  In  the 
present  case,  the  instantaneous  fre¬ 
quency  resulting  from  the  super¬ 
position  of  two  input  signals  is  to 
be  determined.  Referring  to  Fig.  1 
again,  the  instantaneous  frequency 
of  the  resultant  signal  is  seen  to  be 
0)  =  d<^/dt.  The  problem,  therefore. 
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not  an  audio  amplifier.  The  audio 
output  of  the  receiver  was  fed  into 
the  output  system,  which  consisted 
of  the  following  units  given  in  the 
order  of  connection  to  the  receiver : 
(1)  a  calibrated  voltage-dividing 
network;  (2)  a  high-gain  voltage 
amplifier;  (3)  a  high-pass  filter  cir¬ 
cuit;  (4)  an  oscilloscope. 

The  voltage-dividing  network 
was  used  to  produce  an  equal  de¬ 
flection  on  the  oscilloscope  screen 
for  the  cases  of  interference  and 
desired  signal  respectively  in  the 
audio  output  of  the  receiver.  It 
was  thus  possible  to  determine  N/S 
for  various  prescribed  input  condi¬ 
tions.  Because  of  the  small  magni¬ 
tude  of  the  interference  voltage  it 
was  necessary  to  provide  the  high- 
gain  voltage  amplifier.  Also,  be¬ 
cause  of  the  small  magnitude  of 
the  interference  voltage,  hum 
pickup  of  supply  power  frequencies 
and  harmonics  thereof  became  ob¬ 
jectionable.  The  high-pass  filter  was 
inserted  to  eliminate  this  trouble. 
The  oscilloscope  was  used  to  give  a 
visual  indication  of  the  interfer¬ 
ence  wave  form  and  also  as  an  in¬ 
dicator  of  its  peak  amplitude. 

The  over-all  frequency  response 
of  the  output  system  is  given  in 
Fig.  2.  This  includes  the  amplify¬ 
ing  circuits  of  the  oscilloscope.  The 
effect  of  the  filter  circuit  in  cutting 
off  the  lower  frequencies  is  evident. 
The  linear  frequency  scale  was 
used  to  give  direct  comparison  with 
the  cathode-ray  oscilloscope  pat¬ 
terns. 

For  the  particular  receiver 
tested,  the  over-all  time  constant, 
corresponding  to  that  which  occurs 
in  the  analysis,  was  measured  and 
found  to  be  80  microseconds. 

In  calculating  the  envelope  of  the 
interference  pattern  so  that  it  may 
compared  with  the  experimental 
Pattern  as  seen  on  the  screen  of  the 
oscilloscope,  the  attenuation  effect 
of  the  output  system  with  respect 
fo  frequency  is  just  as  important  as 
attenuating  effect  of  the  de- 
omphasis  circuit  in  the  receiver. 
Consequently,  the  envelope  of  the 
onlculated  interference  pattern  is 
Proportional  to  the  magnitude  of 
(9)  multiplied  by  the  fre- 
quency  response  curve  of  the  out¬ 
fit  system. 

Since  the  interference  frequency 
^  a  maximum  value  equal  to  the 
requency  deviation,  the  shape  of 


the  interference  pattern  envelope 
depends  on  the  deviation.  This  en¬ 
velope  has  been  plotted  for  the  two 
representative  deviations  of  75  and 
15  kc  and  for  the  measured  time 
constant  of  80  microseconds  in  both 
cases.  These  plots  are  given  in 
Fig.  3. 

Photographs  of  the  experimen¬ 
tally  obtained  patterns  for  the  same 
two  deviations  and  time  constant 
are  shown  in  Fig.  4.  In  these  pho¬ 
tographs,  it  is  possible  to  see  the 
actual  variation  in  the  interference 
frequency.  This  variation  is  sinu¬ 
soidal  and  is  represented  by  the 
changing  density  of  the  lines  cross¬ 
ing  the  horizontal  axis.  It  can  be 
seen  that  the  portion  of  the  pattern 
having  the  greater  density  of  lines 
is  of  a  lower  amplitude.  This  is 
consistent  with  the  attenuating  ef¬ 
fects  of  the  output  system  and  the 
deemphasis  circuit.  To  correlate 
the  effects  of  the  various  attenuat¬ 
ing  factors  on  the  interference  pat¬ 
tern  envelope.  Fig.  5  is  included. 

Conclusions 

The  quantitative  results  are 
given  in  Fig.  6.  Before  the  sig¬ 
nificance  of  the  results  is  discussed, 
it  might  be  well  to  elaborate  on  how 
the  theoretical  line,  which  indicates 
N/S  as  a  function  of  a,  is  obtained. 
The  theoretical  line  is  obtained 
from  Eq.  (10)  using  the  measured 
value  of  time  constant  equal  to  80 
microseconds.  The  value  of  inter¬ 
ference  frequency  used  was  ob¬ 
tained  graphically  from  the  calcu¬ 
lated  interference  pattern  envelope 
for  the  75-kc  deviation.  The  inter¬ 
ference  frequency  corresponding  to 
the  maximum  point  in  the  envelope 
was  used  in  the  calculations. 

The  measured  and  theoretical  re¬ 
sults  deviate  somewhat  for  increas¬ 
ing  values  of  a.  This  is  justified 
by  the  basic  assumption  that  a  is 
considered  to  be  much  less  than 
unity. 

The  variations  in  measured  re¬ 
sults  for  different  values  of  desired 
input  signal  are  probably  attribut¬ 
able  to  a  slight  error  in  the  decade 
attenuation  box  on  the  f-m  signal 
generator  used.  For  small  values 
of  a,  where  the  theoretical  line  is 
more  accurate,  these  variations  are 
of  little  importance. 

In  conclusion,  the  significant  re¬ 
sult  of  this  investigation  is  that 
calculations  relative  to  interference 


made  on  the  basis  of  an  idealized 
frequency-modulation  receiver  have 
been  applicable  to  a  representative 
commercial  receiver. 

This  article  is  based  on  a  bache¬ 
lor’s  thesis  submitted  to  the  De¬ 
partment  of  Electrical  Engineering 
of  Massachusetts  Institute  of  Tech¬ 
nology.  The  author  wishes  to  ac¬ 
knowledge  the  generous  assistance 
of  Professor  L.  B.  Arguimbau,  who 
supervised  the  thesis. 
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FIG.  5 — Interference  pattern  envelopes 
for  various  attenuating  factors.  A — de¬ 
emphasis  circuit  and  output  system; 
B — deemphasis  circuit  alone;  C — theo¬ 
retical  envelope  for  no  attenuating 
factors 
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FIG.  6 — Ratio  of  interfering  signal  to 
desired  signal  in  the  audio  output  of  a 
representative  f-m  receiver,  plotted  as  a 
function  of  the  input  signal  ratio 
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is  to  solve  for  the  value  of  to. 

It  can  be  seen  by  inspection  that 
=  fi  +  "{•  Now  by  simple  trigono¬ 
metric  relationships  we  can  write 

V  =  tan  -1  °  sin  (tt  -  P) 

1  a  cos  (a  —  /3)  ^ 

or,  since  a  is  much  less  than  unity 

7  =  o  sin  (a  —  =  a  sin  T  —  sin  (umt) 

L  Wm 


<t>  =  0  +  o  sin  sin  (w„t)  J  (7) 
By  definition 

d<f>  . 

lo  Aw  cos  (tOmO  1  cos  j— sin  (wmO  I  (8) 

J 


w  ■=  resultant  instantaneous  angular  fre¬ 
quency  of  input  signals 
a  •=  magnitude  of  undesired  signal,  equal 
to  the  ratio  of  interfering  to  desired 
input  signals  since  the  desired  signal 

_ _  is  of  unit  amplitude 

Aw  =  maximum  angular  frequency  devia¬ 
tion  of  interfering  signal 
wm  =  angular  frequency  of  modulation  of 
interfering  signal 
t  =  time  in  seconds 

Analysis  of  Discriminator  Output 

The  resultant  instantaneous  an¬ 
gular  frequency  as  given  by  Eq. 
(8)  is  seen  to  be  composed  of  both 
a  constant  and  a  varying  term.  In 
a  frequency-modulation  receiver, 
the  output  of  the  discriminator  is 
proportional  to  the  variations  in 
the  instantaneous  angular  fre¬ 
quency.  Consequently,  the  varying 
term  of  Eq.  (8)  is  important  in  this 
analysis.  It  is  equivalent  to  a 
sinusoidal  variation  with  magni¬ 
tude  [a  Ao)  cos  ((o„t)]  and  fre¬ 
quency  d/dt  [(AZ/(i)„)  sin  (o>„t)] 
=  Ao)  COS  (o}„t),  with  both  the 
magnitude  and  the  frequency  vary¬ 
ing  sinusoidally  with  time.  This 
varying  frequency  will  be  defined 
as  the  interference  frequency  and 
will  be  denoted  by  the  symbol  f,„t. 
Thus,  flat  ~  [Ao)  cos  (o)„t)]/2i:. 

Considering  Eq.  (8)  once  again, 
the  resultant  instantaneous  angu¬ 
lar  frequency  varies  sinusoidally  in 
magnitude  about  the  mean  carrier 
frequency  wo.  These  variations  are 
from  (Oo  to  (i>o  4-  a  Ao)  and  back  to 
(i)o  for  half  a  period  of  the  modulat¬ 
ing  wave.  At  any  particular  in¬ 
stant  of  time,  deviation  of  the  re¬ 
sultant  instantaneous  angular  fre- 


the  receiver  by  the  deemphasis  cir¬ 
cuit.  Consequently,  the  interfer¬ 
ence  in  the  audio  output  is  actually 
proportional  to 


(7) 

♦  * 

J 

1 

w 

0 

t 

(8) 

15  KC 

- 

FIG.  4 — Oscilloscope  potterns  obtained 
under  same  conditions  as  represented 
by  Fig.  3 

quency  is  occurring  at  a  definite 
frequency  which  is  the  interference 
frequency.  Thus  we  have  a  fre¬ 
quency  (the  resultant  instantane¬ 
ous  angular  frequency)  varying 
sinusoidally  in  magnitude  at  some 
other  frequency  (the  angular  mod¬ 
ulation  frequency).  Also,  when 
viewed  at  successive  instants  of 
time,  these  variations  are  in  them¬ 
selves  varying  sinusoidally  at  still 
another  frequency,  the  interference 
frequency. 

Allowances  for  Deemphasis 

The  results  thus  far  have  given 
us,  theoretically,  the  wave  form  of 
the  interference  in  the  output  of 
a  frequency-modulation  receiver, 
since  in  this  type  of  receiver  the 
audio  output  is  proportional  to  the 
variations  in  instantaneous  fre¬ 
quency  as  given  in  Eq.  (8).  How¬ 
ever,  in  practice  the  frequency  re¬ 
sponse  of  the  receiving  system  is 
not  flat.  This  is  due  to  the  fre¬ 
quency  limitations  of  the  audio  sys¬ 
tem  and  to  the  standard  deempha¬ 
sis  circuit  placed  at  the  output  of 
the  discriminator  to  restore  the 
modulation  to  what  it  was  before 
standard  RMA  preemphasis  at  the 
transmitter.  This  preemphasis  of 
the  higher-frequency  components  is 
proportional  to  Vl  -f-  (rwi)*,  where 
T  is  the  standard  100-microsecond 
time  constant  and  (o,  is  the  angular 
frequency.  The  reciprocal  of  this 
proportionality  factor  is  effected  in 


\a  Aw  c  *s  (wmOl  r -| 
_ ®  2^/uit _  r Aw  .  , 


The  ratio  of  interference  to  de¬ 
sired  signal  in  the  output  of  the 
receiver  as  considered  in  this  an¬ 
alysis  is  N/S,  where  N  is  peak  am¬ 
plitude  of  interference  in  audio 
output  of  f-m  receiver  due  to  super¬ 
position  of  a  small,  undesired,  fre¬ 
quency-modulated  signal  on  an  un¬ 
modulated  desired  signal,  both  sig¬ 
nals  being  of  the  same  average  fre¬ 
quency,  and  S  is  peak  amplitude  of 
the  desired  signal  alone,  frequency- 
modulated,  in  audio  output  of  f-m 
receiver. 

The  problem  is  to  determine  N/S 
for  various  ratios  of  input  signals. 
The  ratio  of  input  signals  is  given 
by  a  since  the  desired  signal  is  con¬ 
sidered  to  be  of  unit  amplitude.  In 
this  analysis,  the  standard  maxi¬ 
mum  frequency  deviation  of  ±75 
kc  is  assumed  to  correspond  to  the 
full  permissible  range  of  a  modu¬ 
lating  signal  at  the  input  of  the 
system.  It  follows  that  the  frac¬ 
tional  utilization  of  this  full  range 
by  the  interfering  signal  in  the 
audio  output  is 

_ q  2ir/|nt _ _ 

2ir  X  75,000  Vl  +  (t 

Thus  the  ratio  of  interference  to 
desired  signal  in  the  output  may 
be  written  as 

K  = - —  (10) 

S  7.5,000  Vl -H  (T27r/i„tr 

or,  if  (t  2tz  flat)"  is  much  larger 
than  unity,  the  above  expression  be¬ 
comes 

K _ °  ^  ~  (11) 

S  2irX  75,000t  t  Aw 
For  T  =  100  fisec,  this  reduces  to 
N/S  =  a/47. 

Practical  Considerations 

For  input  signal  sources  two  sig¬ 
nal  generators  were  employed,  one 
of  which  could  be  frequency-modU' 
'lated.  These  were  connected  to  the 
input  terminals  of  the  commer¬ 
cial  frequency-modulation  receiver 
under  test.  This  particular  receiver 
included  a  deemphasis  circuit  but 
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that  the  wave  shape  and  peak-to- 
peak  voltage  are  unchanged,  but 
that  the  output  wave  is  all  below 
zero  or  has  been  restored  nega¬ 
tively  in  that  the  top  of  the  wave 
is  at  zero. 

This  action  is  known  as  negative 
restoration.  If  we  had  taken  an 
a-c  square-wave  input  varying 
from  -50  volts  to  -f-50  volts,  we 
would  find  that  our  output  would 
also  be  negatively  restored,  vary¬ 
ing  from  zero  to  —100  volts.  The 
I  difference  in  operation  is  that  the 
capacitor  charges  to  50  volts  in¬ 
stead  of  100  volts. 

The  circuit  behavior  depends 
upon  two  facts:  first,  that  the 
capacitor  charged  rapidly  during 
the  conduction  period  of  the  tube ; 
second,  that  it  discharged  slowly 
during  its  discharging  period. 
Thus  the  conducting  or  charging 
time  constant  must  be  very  short 
in  comparison  with  the  time  for 
half  a  cycle,  and  the  non-conduct¬ 
ing  or  discharging  time  constant 
must  be  very  long  with  respect  to 
the  time  for  half  a  cycle.  Under 
these  conditions  restoration  is  com¬ 
pleted  after  one  cycle. 

Triede  CircHit 

Using  the  same  circuit,  let  us 
substitute  a  triode  for  the  diode 
so  that  the  triode  grid  replaces 
the  plate  of  the  diode  and  the 
triode  cathode  replaces  the  cathode 
0^  the  diode,  as  shown  in  Fig.  2. 
^use  the  grid  and  cathode  of 
the  triode  act  like  a  diode,  the  re¬ 
uniting  wave  shape  between  grid 
^d  cathode  will  be  the  same  as 
obtained  before,  if  we  assume  that 
|he  grid-to-cathode  resistance  dur- 
grid  current  flow  is  about  1000 

FW*’  ^  diode, 

“ocause  this  wave  varies  from  zero 
to  100  volts  negative  and  has  equal 
cycles,  we  can  consider  it  as 
*0  a-c  wave  of  50  volts  above  and 
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below  zero,  being  applied  on  a  bias 
of  —50  volts.  In  other  words, 
we  have  developed  a  grid  bias  of 
—50  volts  by  means  of  the  d-c 
restorer. 

Positive  Restorer 

Let  us  examine  the  circuit  of 
Fig.  3,  which  differs  from  the  cir¬ 
cuit  in  Fig.  1  in  that  the  diode  has 
been  reversed  and  we  are  now  using 
a  balanced  square-wave.  During  the 
first  half  cycle  the  4-50  volts  will 
appear  across  the  tube,  making  the 
cathode  positive  with  respect  to  the 
plate  and  resulting  in  the  tube  not 
conducting*  The  capacitor  charging 
through  the  one-megohm  resistor 
will  charge  very  little  so  the  wave 
shapes  for  the  first  half  cycle  are 
as  indicated  in  Fig.  3(c)  and  3(d). 

When  the  voltage  reverses  in  the 
second  half  of  the  first  cycle,  ap¬ 
proximately  —50  volts  will  appear 
instantaneously  across  the  tube, 
making  the  cathode  negative  with 
respect  to  the  plate  and  causing  the 
tube  to  conduct,  quickly  charging 
the  capacitor.  The  voltage  across 
the  resistor  and  capacitor  is  as 
shown  for  the  second  half  of  the 
first  cycle  in  Fig.  3. 

At  the  first  half  of  the  second 
cycle,  the  generator  is  delivering 
-1-50  volts  and  the  capacitor  is 
charged  to  50  volts  in  a  polarity  as 
indicated  in  Fig.  3.  Because  the 
generator  and  capacitor  voltage  are 
additive,  the  voltage  across  the  re¬ 
sistor  will  instantaneously  be  -j-lOO 
volts.  The  capacitor  will  not  dis¬ 
charge  very  much  through  the 
long  time-constant  circuit.  Thus  the 
voltage  across  the  capacitor  will 
remain  at  almost  —50  volts  and  the 
voltage  across  the  tube  will  remain 
at  practically  -1-100  volts  as  shown 
in  Fig.  3(d).  During  the  second 
half  of  the  second  cycle,  the  gen¬ 
erator  and  capacitor  voltage  will  be 
in  opposition  and  the  voltage  across 
the  tube  will  be  the  slight  differ- 
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FIG.  3 — Positive  restorer  diode  circuit 
and  wave  shapes  indicate  how  restora¬ 
tion  bias  is  developed 
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FIG.  4-(a)  Biased  negative  restoration 
circuit,  (b)  input  wave,  and  (c)  output 
wave  after  equilibrium  is  reached 


ence  between  the  two.  The  capaci¬ 
tor  will  again  quickly  charge  to 
—50  volts  through  the  tube.  The 
wave  has  been  restored  in  the  posi¬ 
tive  direction  so  that  the  lowest 
part  of  the  wave  is  at  zero  and  the 
rest  above  the  zero  axis.  This  cir¬ 
cuit  is  known  as  a  positive  d-c  re¬ 
storer. 

The  circuit  in  Fig.  4(a)  will  pro¬ 
duce  positive  restoration  above  the 
applied  negative  potential,  as  at 
Fig.  4(c).  In  this  manner  reference 
levels  other  than  zero  can  be  ob¬ 
tained. 


square-wave  generator  of  zero  in¬ 
ternal  impedance,  delivering  an 
input  voltage  that  varies  from  zero 
to  +  100  volts  at  a  frequency  of 
100  cycles  per  second  as  shown  in 
Fig.  1(b).  We  shall  also  assume 
that  the  diode  has  about  1000 
ohms  of  resistance  during  conduc¬ 
tion. 


Negative  Restorer 

During  the  first  half  cycle,  the 
generator  can  be  considered  as  a 
battery  of  100  volts.  The  100  volts 
will  instantaneously  appear  across 
the  resistor  because  the  voltage 
across  the  capacitor  cannot  change 
instantaneously.  Thus  the  plate  of 
the  diode  is  positive  with  respect 
to  the  cathode  and  the  diode  will 
conduct.  The  1000  ohms  of  the 
conducting  diode  in  parallel  with 


Qualitative  explanation  of  the  operation  of  the  direct-current  restorer  circuit  used  in 
television  receivers  and  related  instruments  to  maintain  constant  brightness.  The  circuit 
shifts  all  incoming  signals  to  the  same  direct  voltage  reference  level 


Restorer-Circuit 
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The  d-c  restorer  circuit  makes 
the  voltage  applied  to  the  grid 
of  a  tube  start  from  a  predeter¬ 
mined  level,  usually  the  cut-off  po¬ 
tential  of  the  tube.  In  television, 
this  circuit  alters  the  bias  level  of 
the  tube  so  that  signals  to  be  re¬ 
produced  on  the  cathode-ray  tube 
are  restored  to  the  same  relative 
intensities  as  those  at  the  studio. 

Let  us  consider  a  direct-current 
restorer  circuit  with  values  as  in¬ 
dicated  in  Fig.  1(a).  We  have  a 


R-C  charging  circuit.  Since  at  the 
end  of  a  period  equal  to  six  time 
constants  we  can  consider  the 
capacitor  fully  charged  for  all 
practical  purposes,  we  see  that  the 
voltage  Ec  taken  from  A  to  B 
across  the  capacitor  follows  the 
curve  indicated  in  Fig.  1(c). 
The  voltage  across  the  resistor  or 
tube  is  the  applied  voltage  less  the 
voltage  across  the  capacitor  at  each 
instant  of  time,  as  indicated  in  the 


resultant  resistance  of  about  1000 
ohms.  The  0.1-ju,f  capacitor  charges 
through  1000  ohms  resistance.  The 
time  constant  of  this  charging  cir¬ 
cuit  is  100  microseconds. 

The  time  during  which  the  capac¬ 
itor  can  charge  is  the  time  during 
which  the  100  volts  is  applied,  or 
the  time  for  a  half  cycle  of  the 
square  wave.  Because  the  fre¬ 
quency  of  the  square  wave  is  100 
cycles  per  second,  the  time  for  half 
a  cycle  is  5000  microseconds  or  50 
times  the  time  constant  of  the 


FIG.  1 — Diode  circuit  for  negative 
restoration  and  voltage  wave  shapes 
across  various  circuit  elements 


FIG.  2 — Triode  adaptation  of  negative 
restorer  circuit 


first  half  cycle  of  the  Fig.  1  (d). 

Capacitor  Discharge 

Because  the  input  voltage  from 
the  generator  is  zero  during  the 
next  half  cycle  and  can  be  con¬ 
sidered  as  a  short  circuit,  the 
capacitor  discharges  through  the 
one-megohm  resistance,  the  full  100 
volts  appearing  instantaneously 
across  the  resistor.  The  plate  of 
the  diode  is  now  negative  with 
respect  to  the  cathode  and  the 
diode  does  not  conduct.  Thus  the 
capacitor  must  discharge  through 
the  one-megohm  resistor,  giving  a 
discharge  time  constant  of  100,000 
microseconds. 

The  capacitor  will  discharge  only 
during  the  half  cycle  during  which 
the  generator  is  zero  for  a  time 
of  5000  microseconds,  thus  the  time 
available  for  discharge  is  1/20  of 
a  time  constant  of  the  discharge 
circuit.  With  this  araount  of  time 
available,  the  capacitor  will  dis¬ 
charge  a  very  small  amount  and  the 
voltage  from  A  to  B  will  be,  for 
the  second  half  cycle,  as  shown  in 
Fig.  1(c).  The  voltage  across  the 
resistor  will  be  as  shown  in  the 
second  half  cycle  of  Fig.  1(d). 

During  the  first  half  of  the  sec¬ 
ond  cycle,  we  again  have  +100 
volts  applied.  The  capacitor  has  a 
charge  of  almost  100  volts,  just 
a  slight  positive  voltage  ap¬ 
pears  across  the  tube  (E  applied 
minus  Ec) .  This  small  voltage  will 
cause  the  tube  to  conduct,  charg¬ 
ing  the  capacitor  quickly  back  up 
to  100  volts.  The  voltage  across 
the  tube  will  subsequently  drop  to 
zero.  The  voltage  across  the 
capacitor  and  resistor  for  this  half 
cycle  is  shown  in  Fig.  1(c) 
i(d)  (Ec  and  for  the  first  half 
of  the  second  cycle). 

If  we  compare  the  output  volt¬ 
age  with  the  input  voltage,  vee  see 


VIBRATIOKlC 


Aircraft  initallation  of  this  typical  Collins  tronsmitter  requires  some  means  of  stopping 
Tibrotion  and  shock  before  it  reaches  the  equipment.  Mounting  gear  of  the  type  shown 
here  is  described  in  the  text 


Development  trends  in  elec¬ 
tronic  equipment  are  all 
toward  greater  sensitivity,  lighter 
weight,  and  more  compactness — 
each  of  which  tends  to  make  a  piece 
of  apparatus  increasingly  vulner¬ 
able  to  shock  and  vibration. 

At  the  same  time,  field  conditions 
for  electronic  equipment — war 
uses,  applications  in  industrial 
plants,  or  installation  in  vehicles 
and  carriers,  are  continually  ex¬ 
posing  this  highly-evolved  equip¬ 
ment  to  greater  adversity  by  vibra¬ 
tion  and  shock. 

One  solution  to  this  apparent  im¬ 
passe,  and  perhaps  the  only  one 
which  gives  full  consideration  to 
the  two  opposing  factors,  is  the  use 
of  devices  which,  in  effect,  cut  the 
sensitive  equipment  loose  from  the 
vibrating  platform. 

Principles  and  Terminology 

In  the  early  stages  of  the  vibra¬ 
tion-control  art,  the  typical  way  of 
combatting  vibration  involved  the 
incorporation  of  structural  mate¬ 
rials  of  various  kinds. 

The  designer  called  upon  cork, 
felt,  sponge  rubber,  or  springs  to 
solve  his  problems  without  much 
recourse  to  anything  more  than 
rule-of-thumb  specifications.  Ex¬ 
amples  include  the  early  carbon 
microphone  suspension  which  did 
what  was  necessary  but  with  only 
a  small  resemblance  to  the  type  of 


TABLE  I— VIBRATION  INSULATION 


Insulation 

Ratio 

Percent  , 
Insulation 

Result 

10.0 

98.9 

Excellent 

4.0 

93.3 

Very  good 

3.0 

87.5 

Good 

2.5 

81.1 

Fair 

2.0 

66.7 

Useful 

1.5 

20.0 

Poor 

1.4 

0.0 

None 

1.0 

Amplification 

Resonance 

mounting  that  would  be  considered 
good  desig*  today. 

A  classic  point  of  departure  in 
considering  the  principles  of  vibra¬ 
tion  control  is  the  concept  of  a  bird¬ 
cage  hanging  frotn  a  coiled-wire 
spring.  If  such  a  load  is  pulled 
downward  and  then  released,  it 
will  vibrate  at  its  natural  fre¬ 
quency.  Its  static  deflection  is  the 
distance  the  spring  elongated  when 
the  cage  was  hung.  A  forced  fre¬ 
quency  would  be  introduced  if  the 
top  of  the  spring  were  hand-held 
and  shaken  up  and  down  at  a  con¬ 
stant  rate.  The  faster  this  rate,  the 
less  tendency  there  is  for  the 
cage  to  respond,  but  when  the  nat¬ 
ural  and  forced-frequencies  coin¬ 
cide,  response  reaches  a  maximum. 
In  other  words,  if  a  frequency 
match  is  created,  a  condition  of 
resonance  occurs  and  the  result  is 
amplification  of  vibration  and  its 
attendant  troubles.  Effective  vi¬ 
bration  isolation  depends  on  the 


creation  of  a  mismatch  in  fre 
quency. 

Natural  frequency  bears  the  lin¬ 
ear  relation  to  static  deflection 
shown  in  Fig.  1.  Insulation  ratio 
is  another  concept  sometimes  used 
and  arrived  at  by  dividing  forced 
frequency  by  natural  frequency. 
The  ratio  is  an  indication  of  the 
effectiveness  of  a  mounting  system 
as  indicated  in  Table  I.  Figure  2 
gives  the  relationship  between  in¬ 
sulation  ratio  and  vibration  absorp¬ 
tion — including  its  negative  coun¬ 
terpart,  amplification.  Obviously, 
effectiveness  of  vibration  control 
rises  with  the  insulation  ratio.  At 
an  insulation  ratio  of  \/2,  vibration 
absorption  is  zero,  and  such  a  sys¬ 
tem  would  provide  no  control. 

As  pointed  out  by  Connon*,  the 

*  Connon,  J.  A.,  Vibration  Insulation  «ii;l 
Structural  Rubber,  AIEE  Tech.  Paper  45-76. 


FIG.  1 — Resonance  can  be  deiennia*^ 
from  this  linear  relation  between 
deflection  and  natiual  frequency  “  ® 
spring  system.  A  mismatch  is  deiit® 
to  avoid  resonance  and 

of  destructive  vibration 
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NCONTROL  for 
Electronic  Products 


A  review  of  the  many  types  of  specialized  units  designed  to  provide  isolation  and  con¬ 
trol  of  destructive  vibration  and  shock.  Also  included  are  notes  on  principles  involved  in 

the  design  of  mountings 
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vibratory  forces  at  a  given  point  in 
a  system  occur  in  several  direc¬ 
tions  at  different  frequencies  and 
with  different  amplitudes  and  may 
combine  translatory  and  rotary 
components.  Vibration  in  each  di¬ 
rection  must  be  considered  with  re¬ 
lation  to  the  natural  frequency  of 
the  resilient  suspension  in  that  di¬ 
rection.  Figure  3  is  a  typical  ship¬ 
board  record  which  shows  the  dif¬ 
ferent  character  of  the  fore-and- 
aft,  the  vertical,  and  the  athwart- 
ship  components. 

Source  and  Cure 

By  and  large,  the  complicating 
frequencies  relate  to  those  of  ro¬ 
tating  or  reciprocating  mechanisms 
elsewhere  in  the  equipment  or  its 
I  supports.  In  generalizing  on  the 
things  which  can  be  done  to  resolve 
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,  ^  Insulation  ratio  is  an  arbitrary 

obtained  by  dividing  forced  fre- 
by  natural  frequency.  Plotted 
percent  absorption.'  it  shows 
points  at  1.  or  resononce.  and 
I-^/  where  absorption  begins 
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FIG.  3 — (above)  Components  of  vibra¬ 
tion  in  a  shipboard  installation 

FIG.  5 — (right)  Shear  deflections  per¬ 
mit  a  low  natural  frequency 
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FIG.  4 — Family  of  curves  relate  acceleration,  frequency,  and  amplitude  in 
accord  with  the  general  equotion  for  maximum  acceleration  of  a  particle 
moving  in  simple  harmonic  motion 
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these  factors,  it  is  commonly  recom¬ 
mended  that  mounting  units  be 
used  which  have  the  greatest  deflec¬ 
tion  consistent  with  stability;  that 
the  mounting  have  a  highest  nat¬ 
ural  frequency  sufficiently  below 
the  lowest  expected  forced-fre¬ 
quency  to  give  adequate  insulation ; 
and  that  the  softest  axis  of  the 
mounting  be  installed  parallel  to 
the  direction  of  the  greatest  in¬ 
duced  disturbance. 

Harmonic  Motion 

Figure  4  shows  the  relationship 
between  acceleration  in  g  units  and 
frequency  in  cycles  per  second  for 
a  series  of  amplitudes.  These 
curves  were  derived  by  W.  A.  Dick¬ 
inson,  Sylvania  Electric  Products, 
from  the  general  equation  for  max¬ 
imum  acceleration  of  a  particle 
moving  with  simple  harmonic  mo¬ 
tion 

a,  =  =  0.102PX 

9 

where  a„  is  acceleration  in  gravita¬ 
tional  units,  f  is  frequency  in  cps, 
X  is  amplitude  in  inches,  and  g  is 


acceleration  due  to  gravity  in 
inches  per  second.  Vibration  prob¬ 
lems  are  generally  more  complex 
than  simple  harmonic  motion. 

The  foregoing  notes  on  theoreti¬ 
cal  considerations  apply  to  spring 
systems  generally  where  the  elastic 
member  deflects  according  to 
Hooke’s  Law,  which  states  that 
within  the  elastic  limit  of  any  body, 
there  is  a  constant  ratio  between 
stress  and  strain  produced. 

Among  fabricated  components, 
rubber  mountings  are  available  in 
a  wide  range  of  styles.  They  can 


FIG.  7 — ^Three-angle-type  mounting  in¬ 
cludes  a  locking  bar  prolecting  through 
all  parts  to  hold  them  together  in  case 
of  damage  to  the  rubber 


FIG.  6 — SeTeral  types  of  rubber  mountings  made  by  U.  S.  Rubber  Co.  Type  (A) 
are  channel-shear  moimtings;  (B)  cylindrical  compression  or  shear;  (C)  safety- 
type  cylindrical:  (D)  flexure-compression  cups;  and  (E)  flexure 


be  further  classified  by  whether 
the  rubber  is  utilized  in  compres¬ 
sion,  tension,  shear,  torsion,  or 
flexure.  A  large  number  of  mount¬ 
ings  are  of  the  shear  type,  because 
the  same  load  ordinarily  gives  a 
greater  deflection  in  shear  than  it 
does  in  a  compression  or  tension 
system,  which  are  the  other  two 
principal  modes  of  usage.  This  is 
demonstrated  in  Fig.  5. 

Specialised  Components 

Among  the  designs  of  United 
States  Rubber  Co.  are  channel-type 
mountings  illustrated  in  Fig.  6(A). 
These  units  are  used  to  absorb  vi¬ 
bration  in  any  direction  which 
stresses  the  rubber  in  shear.  They 
are  so  designed  that  the  load  is  sup¬ 
ported  on  the  inner  channels — con¬ 
nections  being  made  by  a  stud- 
which  provides  a  safety  feature. 
If  the  rubber  bond  fails  because  of 
fire  or  accident  the  support  is  still 
contained  within  the  outer  channel 
and  the  mounted  apparatus  cannot 
get  away  even  when  suspended 
from  above. 

In  this  style,  two  sizes  are  avail¬ 
able  with  overall  widths  of  2  and 
4i  in.  Each  of  the  two  widths  is 
available  in  a  number  of  different 
lengths.  The  smaller  is  used  for 
applications  from  a  minimum  load 
of  4  lb,  at  50  cps  (giving  81  percent 
vibration  absorption),  to  95  lb 
maximum  at  25  cps.  Range  of  the 
larger  size  is  24  lb  minimum  and 
33  cps  (81  percent  vibration  ab¬ 
sorption)  to  420  lb  maximum  at 
16  cps.  In  the  smaller  size,  the 
lengths  available  are  1,  2,  3  and  6 
inches,  while  in  the  larger  size  they 
run  1.5,  3,  5,  7  and  9.  Vibration 
control  at  frequencies  higher  than 
those  noted  are  better  than  81  per¬ 
cent.  Loads  are  given  for  each  in¬ 
dividual  mounting.  The  total 
would  be  divided  among  the  num¬ 
ber  of  units  used  to  support  a  given 
piece  of  gear. 

Figure  7  shows  another  available 
type  of  mounting  which  utilizes  ru^ 
ber  stressed  in  shear.  This  one  is 
called  a  three-angle  type  and  is 
classified  functionally  as  a  shear 
sandwich.  A  safety  feature  is  pro¬ 
vided  with  this  unit  in  the  form  of 
■  a  bar  which  projects  through  a  lat¬ 
eral  slot  to  lock  the  three  angles 
against  disintegration.  It  is  sup¬ 
plied  in  two  sizes — 41  in.  wide  by 
41?  in.  long,  and  4A  in.  wide  by  81 
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FIG.  8 — Bonded  cup-and-plate  mountings  of  these  types  are  offered  by  Lord 
Mfg.  Co.  Rubber  is  chemically  Joined  to  outer  metal  supports 


in.  long.  Load  ratings  range  from 
37  lb  minimum  at  33  cps  to  900  lb 
maximum  at  14  cps. 

Cylindrical  mountings  are  avail¬ 
able  in  a  variety  of  configurations. 
As  shown  in  Fig.  6(B)  they  consist 
of  rubber  members  bonded  on  each 
end  to  mounting  studs.  Circular 
types  are  listed  in  diameters  of 
iV  1,  U,  IS,  2J  and  3.  Square  styles 
are  made  in  the  smaller  sizes.  De¬ 
pending  upon  their  positional  ar¬ 
rangement,  these  units  can  be 
stressed  either  in  shear  or  in  com¬ 
pression.  Their  load  limits  range 
from  0.5  lb  minimum  at  50  cps  to 
100  lb  maximum  at  21  cps. 

Figure  6  (C)  is  a  special  type 
mounting  having  a  close  character¬ 
istic  relationship  to  the  cylindrical 
units,  but  adding  the  safety  feature 
ef  an  enclosing  cup.  In  this  type 
the  load  range  is  3  lb  at  31  cps  ver¬ 
tically  and  15  cps  horizontally,  to 
1  lb  at  23  cps  vertically  and  13  cps 
horizontally. 

Mountings  indicated  as  Fig.  6(D) 
classified  as  flexure-compres- 
*ion-cups.  They  give  about  the 
*utne  spring  rates  horizontally  as 
they  do  vertically.  The  load  deflec¬ 
tion  curve  on  this  type  is  smooth, 
"ithout  any  discontinuity  at  the 
point  where  the  bumper  comes  into 
Pl^y  which  makes  them  valuable 
repeated  shock  loads  where  the 
Counting  frequently  strikes  against 
limiting  bumper.  Having  a 
®inimum  load  faculty  of  6  lb  at  55 
%  the  two  sizes  illustrated  cover 
range  to  20  lb  at  31  cps. 
or  equal  horizontal  and  vertical 
Jring  rates,  another  type  has  been 
^oloped  utilizing  the  elastic  mem- 
^  flexure.  This  is  shown  in 


0.078,  0.092,  0.108,  and  0.123  in. 

Another  standard  line  of  the  same 
company  consists  of  a  series  of 
plate-type  mountings  as  illustrated 
in  Fig.  8  with  a  choice  of  square, 
diamond-shaped,  round  and  cup¬ 
shaped  metal  holding-members. 
The  lenticular  rubber  disk  is  bonded 
to  the  interior  of  the  circular  hole 
in  the  mounting  member  and  the 
load  is  attached  to  a  bolt  through 
the  central  bushing.  Here,  maxi¬ 
mum  allowable  loads  range  from  1 
lb  to  120  lb  with  1-,  lA-  and  2-in. 
diameter  rubber  members  and  11- 
to  3-in.  overall  dimensions.  Normal 


Fig.  6(E).  Units  in  this  family  ex¬ 
hibit  large  deflections  under  light 
loads  and  make  it  feasible  to  con¬ 
trol  vibration  of  a  relatively  low 
frequency.  At  a  minimum  load  of 
1  lb,  81  percent  vibration-control 
by  the  smallest  size  goes  down  to 
31  cps,  while  the  largest  extends  to 
35  lb  at  15  cps. 

Mountings  of  a  rectangular  type 
are  supplied  in  the  following  sizes: 
li’ff  by  5S  in.,  2i  by  6^  in.,  and  21 
by  8.  Load  limits  here  range  from 
30  lb  minimum  in  shear  at  40  cps 
to  1,050  lb  maximum  in  compres¬ 
sion  at  20  cps. 

Other  products  of  the  company 
include  special  circular  indicating- 
instrument  mountings,  compression 
cup  mountings  which  are  primarily 
designed  to  stop  the  transmission 
of  noise  through  structures;  multi¬ 
action  units  which  are  useful  for 
absorbing  vibration  in  one  direc¬ 
tion  only  and  at  the  same  time  act¬ 
ing  as  guides  to  restrict  movements 
in  other  directions;  heavy  duty 
shear  sandwiches  capable  of  car¬ 
rying  loads  up  to  3,000  lb ;  compres¬ 
sion  pads;  rubber  bumpers  in  vari¬ 
ous  types  and  designs ;  square  pads ; 
and  structural  cellular  rubber  in 
slabs  which  can  be  used  to  support 
an  entire  section  of  a  larger  struc¬ 
ture. 

Specializing  in  shear  type  mount¬ 
ings,  Lord  Manufacturing  Co.  of¬ 
fers  a  line  of  tubular  types  which 
utilize  rubber  bonded  to  the  adja¬ 
cent  inner  and  outer  diameters  of 
coaxial  cylinders.  These  range  from 
rated  loads  of  23  lb  to  1450  lb  and 
in  length  from  I  in.  to  5J  in.  They 
are  divided  into  six  sub-types,  with 
rated  deflections  of  0.065,  0.068, 


FIG.  9 — Mountings  with  no-load  cross- 
section  as  shown  in  lower  diagram  de¬ 
form  for  increasing  loads.  Metal  and 
rubber  parts  are  held  together  without 
bonding.  Rubber  bar  slips  into  metal 
channel  from  the  end.  The  manu¬ 
facturer  is  Hamilton  Kent  Mfg.  Co. 


FIG.  10 — Friction  and  pressure  hold 
the  three  parts  of  this  General  Tire  and 
Rubber  Co.  unit  together.  Radial,  con¬ 
ical.  and  axial  loads  are  accommodated 


FIG.  11 — In  this  non-bonded  mounting 
by  Harris  Products  Co.  the  outer  sup¬ 
port  is  crimped  together  with  rubber 
lugs  projecting  through  the  metal.  The 
central  mounting  hole  is  stabilized  by 
a  tube  and  retaining  rings 
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which  is  engineered  as  an  com¬ 
plete  mounting-base  subassembly. 
The  manufacturer  is  Robinson 
Aviation  Inc.  Derived  from  early 
and  effective  aerial  camera  mounts, 
this  unit  operates  on  a  crossed-axis 
principle,  elaborated  in  Fig.  14. 
As  shown  in  the  diagram,  primary 
cushions  P  absorb  part  of  the 
initial  vibration  impulses  about  the 
axis  X.  Residual  vibration  is  con¬ 
ducted  along  structural  members 
to  secondary  cushions  S  mounted 
on  axis  Y.  These  absorb  a  large 
portion  of  the  residual  vibration, 
passing  along  through  the  support¬ 
ing  unit  something  ordinarily  less 
than  5  percent  of  the  amplitude  of 
the  original  driving  impulse.  A 
typical  vibration  absorption  curve 
as  shown  in  Fig.  15  reveals  that 
action  is  quite  effective  between  10 
and  60  cps,  which  is  the  range  used 
in  many  tests. 

In  the  construction  of  these  units 
eight  special  cushion  blocks  of  low 
density  rubber  are  assembled  into 
the  base,  at  points  of  minimum  mo¬ 
tion,  where  they  act  with  optimum 
effectiveness.  Each  block  has  a  top 
and  bottom  convex  curvature,  as 
revealed  in  Fig.  16(A),  which  dis¬ 
appears  under  load  but  assures 
even  distribution  of  stress  through¬ 
out  the  block.  Figure  16(B)  and 
16(C)  demonstrate  compression 
and  shear  action  of  these  blocks. 

Combination  Units 

Special  characteristics  are  de- 


hG.  14 — Crossed-axis  suspension  is  the 
^cjple  used  by  the  unit  illustrated  in 
13.  Primary  cushions  are  indicated 
"T  P,  secondary  by  S,  respectively  on 
^  and  y  axes.  Arcs  O  represent 
Ihe  limits  of  oscillation 
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FIG.  15 — Vibration  absorption  curve 
shows  action  of  the  mounting  base  il¬ 
lustrated  in  Fig.  13.  The  absorption 
range  between  10  and  60  cps  is  widely 
used  in  tests.  The  solid  line  represents 
the  vertical  component;  dotted,  longi¬ 
tudinal;  and  dashed,  loteral 


signed  into  many  of  the  heavier- 
duty  units  by  combinations  of  steel 
springs,  cork  and  rubber  pads  and 
even  wood  chocks.  A  multi-pur¬ 
pose  type  produced  by  the  Korfund 
Co.,  Inc.,  suitable  for  the  control 
of  vibration  in  all  directions,  is 
illustrated  in  Fig.  17.  It  consists 
of  a  welded  structural  steel  hous¬ 
ing  incorporating  cold-rolled  oil- 
tempered  crucible-steel  springs. 
The  upper  and  lower  members  of 
the  housing  are  held  in  a  relative 
position  against  lateral  movement 
by  four  resilient  chocks. 

Equipment  to  be  isolated  is 
fastened  to  the  top  plate  by  means 
of  a  bolt  passing  through  the 
machine  base  and  bearing  on  a  plate 
which  transfers  the  load  to  the 
.springs  visible  inside  the  unit. 
Top  and  bottom  plates  of  the  hous¬ 
ing  are  held  in  vertical  relation  to 
each  other  by  bolts  isolated  with 
resilient  washers. 

Six  sizes  are  offered  to  apply 
against  a  range  of  rated  loads  from 
200  to  12,000  lb.  Units  weigh  7,  18, 
32,  36,  49  and  60  lb.  respectively, 
and  have  overall  dimensions  of  2\ 
by  61;  5  by  65;  5  by  95;  7  by  95; 
7  by  115  and  7  by  115  in.  on  ba.ses. 

One  of  the  latest  types  of  vibra¬ 
tion  controls  to  be  reported  is  one 
which  is  described  as  dissipating 
vibratory  and  shock  forces  in  the 
form  of  heat.  These  absorbers 
consist  of  series  of  very  thin 
sheets  of  metal,  generally  copper, 
placed  one  on  top  of  the  other  and 
inclosed  in  an  air-tight  welded 
jacket.  Mountings  are  used  in 
compression,  have  no  natural  fre¬ 
quency,  do  not  acquire  a  set  in 
operation,  and  are  unaffected  by 
such  conditions  as  moisture,  oil, 
dust,  and  steam.  Among  sizes 
available  are  units  as  small  as  5  in. 


FIG.  16 — Eight  specially  compounded 
rubber  blocks  of  the  conformation 
shown  at  (A)  are  represented  by  P 
and  S  in  Fig.  14.  The  convex  top  and 
bottom  flatten  under  load  as  shown  in 
(B)  and  the  blocks  have  uniformly  dis¬ 
tributed  stresses 


in  diameter,  standard  types  4  by  4 
by  i  in.,  and  others  as  large  as  6 
by  12  ft.  by  1  in. 

Construction  of  these  molecular 
vibration  absorbers  is  based  on  a 
principle  of  discontinuities.  Maxi¬ 
mum  reflectivity  is  produced  by 
placing  in  contact  two  media  whose 
difference  in  resistance  to  sound 
conduction  is  a  maximum. 

The  manufacture  of  the  unit  in¬ 
volves  locking  to  the  surface  of  the 
metals  a  liquid  film,  and  to  this,  a 
film  of  air.  The  liquid  and  air 
films  are  harder  than  steel  and 
when  used  in  connection  with  thin 
metal  plates  form  an  assembly  pos¬ 
sessing  maximum  discontinuities. 
The  manufacturer,  Chamberlain 
Laboratories,  points  out  that,  since 
such  a  large  amount  of  work  is 
done  on  a  very  small  amount  of  air, 
its  temperature  rises  above  incan¬ 
descence.  Heat  is  instantaneously 
dissipated  by  radiation — F.  H. 


FIG.  17 — Heavy-duty  isolators  are 
avoilable  in  spring  types  like  this  from 
The  Korfund  Co.,  Inc.  Bolt  on  top  trans¬ 
fers  the  load  of  the  mounted  gear  to 
the  spring-bome  plate  immediately 
beneath 
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FIG.  12 — Here  the  mounting  base  is  a  framework  which  exactly  fits  the  piece 
of  gear  with  which  it  is  used.  This  type  is  shown  suspended  on  four  flexure- 
compression-cups  (Fig.  6-D) 


FIG.  13 — Mounting  base  of  another  type  is  designed  by  Robinson  Aviation. 
Inc.  as  a  unit  to  fit  equipment  not  only  physically  but  from  a  vibration  point 
of  view  as  well.  Also  incorporated  are  plug-in  electrical  connections  in  unit 
at  the  rear  called  a  doghouse 


rating  of  this  series  ranges  from 
1  to  90  lb  at  ^-in.  deflection.  (Fre¬ 
quencies  can  be  read  from  Fig.  1.) 

The  full  listing  of  the  company 
includes  a  number  of  special  prod¬ 
ucts,  such  as  indicating-instrument 
mountings  and  small  specialized 
disk-type  units. 

Among  mountings  which  depend 
for  their  action  upon  the  chemical 
bonding  of  rubber  and  metal,  those 
designed  by  B.  F.  Goodrich  Co. 
show  several  variations  from  prev¬ 
iously  described  types.  A  special 
style  of  shear  sandwich  4i  in. 
square  is  supplied  with  four  mount¬ 
ing  studs  on  each  opposite  face.  It 
is  suggested  for  a  maximum  load  of 
400  lb,  at  which  it  exhibits  a  shear 
deflection  of  0.17  in.  and  where  it 
is  effective  on  a  minimum  disturb¬ 
ing  frequency  of  16  cps. 

A  channel-type  mounting  de¬ 
signed  by  this  same  company  for 
shear  action  is  similar  to  those 
previously  described,  except  that 
the  supporting  channel  is  not  sur¬ 
rounded  by  the  base  channel.  This 
unit  is  4i  in.  wide  by  li  in.  high 
and  is  rated  at  50  lb  per  inch  of 


length  with  a  in.  deflection  and  a 
minimum  disturbing  frequency  of 
16  cps.  It  is  available  in  these 
lengths:  1,  2,  3,  6,  12,  24,  36  and 
60  in. 

Other  available  units  include 
cylindrical,  pedestal,  offset  shear 
sandwiches  and  compression-washer 
type  mountings. 

Not  all  rubber  mountings  depend 
on  chemical  bonding  for  their  ac¬ 
tion.  One  type  of  mounting  consists 
of  a  rubber  x-bar  member,  as  shown 
in  Fig.  9,  which  slips  into  upper 
and  lower  metal  containing  ele¬ 
ments.  The  supplier  of  this  unit 
is  the  Hamilton  Kent  Mfg.  Co., 
Kent,  Ohio.  One  of  the  advantages 
attributed  to  this  type  of  design  is 
revealed  by  the  load  versus  deflec¬ 
tion  curve  shown.  The  dip  in  the 
upper  third  of  the  curve  shows  that 
deflection  increases  quite  rapidly 
for  small  increments  of  load.  This 
action  at  the  overload  point  de¬ 
stroys  any  tendency  for  resonance 
and  bounce. 

Two  types  of  mounts  are  offered 
for  the  handling  of  all  types  of  vi¬ 
bration:  one  serves  against  hori¬ 


zontal,  vertical,  rotary,  or  inclined 
vibration,  while  the  other  is  for 
purely  vertical  action.  Units  of  the 
first  type  are  cataloged  in  sizes 
from  6  by  9  in.  to  9i  by  15  in.  in 
horizontal  area  by  2  in  to  2ii  in. 
high  for  a  deadweight  load  ranging 
from  225  to  3,800  lb.  In  the  verti¬ 
cal  type,  sizes  range  from  6  by  7  in. 
to  9i  by  13  in.  for  the  same  load 
ranges. 

Another  method  of  securing  rub¬ 
ber  and  metal  is  used  by  General 
Tire  &  Rubber  Co.  Their  mount¬ 
ings  gain  adhesion  by  pressure  and 
frictional  resistance  rather  than 
molding  and  cementing.  In  a 
mounting  of  this  type  for  radial, 
conical  or  axial  loads,  a  separately 
molded  rubber  biscuit  is  contracted 
into  a  metal  sleeve  of  smaller 
diameter  as  shown  in  Fig.  10.  With 
a  tapered  mandrel,  the  inner 
diameter  is  expanded  and  the  inner 
sleeve  inserted. 

In  another  type  of  non-bonded 
mounting  offered  by  Harris 
Products  Co.,  the  rubber  members 
are  molded  in  separate  parts.  As 
shown  in  Fig.  11,  outer  rings  are 
clamped  together  to  secure  rubber 
bosses  into  peripheral  holes  which 
lock  the  assembly.  The  inner  boss 
is  reinforced  by  two  retainers  and 
a  center  tube  which  maintains  it  in 
positive  position.  The  units  are 
supplied  in  square  cups,  square 
plates  and  diamond-shaped  plates, 
and  their  load  ratings,  with 
1/16-in.  deflection,  range  from  i  to 
45  lb.  Square  bases  are  avail¬ 
able  in  1-11/16,  2-3/8,  and  3  in., 
while  the  diamond-shaped  units 
have  lengths  of  1.66,  2.32  and  2.97 
in.  All  are  supplied  alternatively 
in  steel  and  dural. 


Subassembly  Types 

One  of  the  current  trends,  par¬ 
ticularly  in  the  installation  of  elec¬ 
tronic  equipment  in  aircraft,  is  to¬ 
ward  the  use  of  mounting  bases 
which  exactly  fit  the  piece  of  equip¬ 
ment  to  be  installed  and  often  in¬ 
corporate  sliding  plug  connections 
for  electrical  circuits.  Exampl*' 
of  this  are  shown  in  Fig.  12  and  13' 
Fig.  12  is  a  base  made  up  by  co®' 
bination  of  a  set  of  four  standard 
unit  mountings  of  a  type  pm'^ 
.  ously  described  with  a  metal  su 
frame  which  fits  under  the  equip¬ 
ment  to  be  mounted.  Fig.  13  shoi^- 
a  somewhat  different  type  of  um 
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FIG.  22 — Addition  of  negative  resistance  to  diode 
detector  improves  the  a-c  to  d-c  impedance  ratio 


FIG.  23 — Negative  resistance  added  to  a  diode  detector 
decreases  distortion  near  100  percent  modulation 


and  will  produce  serious  distortion. 
The  manner  in  which  the  actual 
I  circuit  shown  here  deviates  from 
losses  I  the  ideal  detector  can  be  seen  from 
1  a  study  of  Fig.  21.  The  load  cir- 
I  cuit  of  the  detector,  due  to  various 

■  capacitors  in  the  circuit,  presents 
I  a  lower  impedance  to  the  modula- 
I  tion  frequency  than  it  does  to  the 
I  direct  current. 

I  Let  be  the  impedance  offered 
I  by  the  diode  load  circuit  to  the 
I  modulation  frequencies,  and  Ro  the 

■  resistance  offered  by  the  same  cir- 
I  cuit  to  the  direct  current.  While 
I  it  is  not  readily  obvious,  Terman 
I  has  shown  that  the  maximum  per- 
.  I  tentage  of  modulation  m  that  the 

■  diode  detector  with  a  given  load 
g  I  ten  rectify  without  distortion  is 

®|  m=ZJR^  (57) 

I  If  the  actual  percentage  of  modu- 
llation  of  the  applied  radio  fre- 
^  lieency  signal  exceeds  this  value, 
^  Ithe  rectified  output  will  be  dis- 
^liorted.  The  nature  of  the  distor- 
if  tfepends  upon  the  nature  of  the 
ge|  If  this  is  a  reel  con- 

20 1*1^^’  bhen  the  distortion  will  be  in 
de-E  *“*bure  of  clipping  of  the  nega- 
liat  ■  of  the  modulation  f re- 

jfctncy  wave.  If  the  load  is  such 
tbejr^  bhe  above  ratio  (commonly 
j5^6d  the  a-c  to  d-c  ratio)  has  a 
idiolr®  then  the  distortion 

ctor^  ^  clipping  of  the  negative 
angle  with  respect  to 
r  '***  0^  the  rectified  wave.  The 
of  the  distortion  is  not 
in  this  discussion. 

I  *®Portant  fact  is  that  the 


diode  detector  deviates  from  the 
ideal  distortionless  detector  in  two 
ways:  (1)  Modulation-frequency 

impedance  does  not  equal  the  d-c 
resistance  of  the  diode  load.  This 
produces  clipping  of  the  negative 
peaks  if  the  actual  degree  of  modu¬ 
lation  exceeds  Z„/R,.  (2)  Modu¬ 

lation-frequency  impedance  has  a 
phase  angle  due  to  the  fact  that  the 
shunting  capacitor  C  acts  as  a 
partial  short  circuit  at  the  higher 
modulation  frequencies.  This 
causes  diagonal  clipping  of  the 
negative  peaks. 

Imprevamaiit  by  Usiag  Nagativ* 
■•tUtaace 

The  two  effects  which  cause 
deviation  of  an  actual  diode-de¬ 
tector  circuit  from  the  ideal  de¬ 
tector  can  be  eliminated  by  the  ap¬ 
plication  of  stabilized  negative  im¬ 
pedances. 

The  first  of  the  two  effects  can 
be  eliminated  entirely  by  means  of 
a  negative  resistance  of  the  shunt 
type  placed  across  the  diode  load 
at  the  output  terminals."  The 
negative  resistance 'may  be  so  ad¬ 
justed  that  its  value  is  just  equal 
to  the  shunting  resistance  which 
causes  the  difference  between  Z„ 
and  Ro.  This  will  make  the  ratio 
given  by  Eq.  (57)  just  equal  to 
unity  which,  in  turn,  means  that 
100  percent  modulated  signals  can 
be  rectified  without  distortion. 

The  second  of  these  deviations 
from  the  ideal  may  be  eliminated 
by  using  a  negative  capacitance 
supplied  by  an  amplifier  which  has 


a  uniform  response  up  to  the  high¬ 
est  modulation  frequency  that  it  is 
intended  to  use,  and  yet  which  cuts 
off  considerably  below  the  carrier 
frequency.  By  means  of  this  ar¬ 
rangement  it  is  possible  to  make 
the  net  capacitance  across  the  load, 
as  far  as  modulation  frequencies 
are  concerned,  just  zero  and  there 
will  be  no  diagonal  clipping  even 
for  100  percent  modulated  signals. 
And  yet,  because  the  amplifier  cuts 
off  at  some  intermediate  frequency, 
the  negative  capacitance  will  be 
absent  above  cut-off  and  the  net 
capacitance  offered  to  radio  fre¬ 
quencies  across  the  load  will  be 
equal  to  something  greater  than  C,. 

M«asur*m*nts  of  Improved  Detector 

It  is  seen  that  by  means  of  two 
kinds  of  negative  impedances  an 
ordinary  diode  detector  can  be 
made  to  approach  the  ideal  one 
very  closely.  The  principle  is  illus¬ 
trated  experimentally  by  means  of 
a  diode  detector  which  was  pur¬ 
posely  made  to  have  a  very  poor 
a-c  to  d-c  ratio.  Figure  22  shows 
the  a-c  to  d-c  ratio  of  the  diode 
load  (measured  by  an  ohmmeter 
to  determine  Ro,  and  by  the  volt¬ 
age-current  method  to  measure  Z„) 
as  a  function  of  the  negative  re¬ 
sistance  placed  across  the  diode 
load.  It  is  seen  from  this  graph 
that  the  proper  amount  of  negative 
resistance  across  the  diode  load 
causes  the  a-c  to  d-c  ratio  to  be¬ 
come  unity. 

Figure  23  shows  the  distortion 
produced  by  a  diode  detector  as  a 
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StabUized  NEGATIVE 


Negative  impedances  are  used  to  correct  non-linearity  of  diode  detectors  by  making  the 
load  ideal,  to  improve  regulation  of  variable-voltage  power  supplies  by  cancelling  their 
internal  impedances,  and  to  increase  selectivity  of  resonant  circuits  by  counteracting  lossesf 


By  way  of  illustrating  types 
of  applications  to  which 
stabilized  negative  impedances  can 
be  put,  several  specific  uses  will  be 
described.  The  aim  is  more  to 
show  how  one  goes  about  utilizing 
negative  impedances  than  to  list 
their  uses.  Only  engineering 
adaptability  can  find  all  the  uses 
and  the  simplest  methods;  this 
merely  sugests  where  to  start. 

improvement  of  Diode  Detector 

A  practical  diode-detector  circuit 
is  shown  in  Fig.  21.  The  diode  is 
used  as  a  rectifier,  being  substan¬ 


tially  a  short  circuit  on  one-half 
cycle,  and  an  open  circuit  on  the 
other  half.  The  load  circuit  con¬ 
sists  of  a  network  which  has  sev¬ 
eral  functions.  The  load  resistance 
is  shunted  by  capacitor  Ci  which  is 
large  enough  to  act  as  an  effective 
short  circuit  for  the  radio-fre¬ 
quency  voltages  and  yet  in  an  ideal 
case  must  not  shunt  the  load  re¬ 
sistance  for  the  highest  modulation 
frequency  that  the  detector  is  to 
handle.  Ri  and  form  a  filter 
which  isolates  the  radio-frequency 
voltage  that  may  exist  across  Ci 
and  allows  only  the  modulation- 


frequency  voltage  to  appear  across 
the  output  Ri  of  the  circuit. 
Capacitor  C4  in  conjunction  with 
the  resistance  Rt  separates  the 
modulation-frequency  voltage  from 
the  direct-current  voltage  which  is 
present  across  the  load  circuit,  a 
filter  arrangement  which  is  often 
necessary  to  keep  d-c  voltage  from 
the  following  amplifier  grid  and  to 
utilize  the  d-c  voltage  for  auto¬ 
matic  volume  control  in  a  radio 
receiver,  i?*  and  C-.,  form  a  filter 
which  isolates  the  modulation-fre¬ 
quency  voltage  that  exists  across 
Ra  and  allows  only  direct  voltage  to 
appear  at  the  a-v-c  terminal. 

Diode  Characteristics 

Operation  of  the  diode  detector 
has  been  described  in  literature 
and  does  not  need  to  be  repeat^ 
here.**  It  has  been  shown  that  if 
the  radio-frequency  voltage  is  large 
enough,  in  the  neighborhood  of  20 
volts,  then  the  distortion  due  to  de¬ 
tection  is  negligible,  provided  that 
the  diode-detector  circuit  has  a 
pure  resistance  in  its  load  for  the 
modulation  frequencies  and  ^ 
effective  short  circuit  to  the  radio 
frequencies.  A  diode  detector 
under  these  ideal  conditions 
be  considered  as  distortionless. 

An  actual  detector  circuit  show® 
in  Fig.  21  is  far  from  being 


PART  I 

Basie  ideal  circuit  and  fundamental  equations  for 
producing  the  negative  of  a  positive  impedance. 
Eq.  (1).(29),  Fig.  1-9,  Ref.  1-10 

PART  II 

Effect  on  negative  impedance  of  variations 
with  frequency  of  amplifier  parameters. 
Eq.  f30)-(56).  Fig.  10-20,  Ref.  11-13 

PART  III 

Illustrative  applications  of  negative  impedances 
shew  how  improved  circuits  can  be  obtained. 
Eq.  (S7).(67),  Fig.  21-27,  Ref.  14-16 
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function  of  degree  of  modulation 
for  a  detector  which  again  had  a 
purposely  poor  Z„jRo  ratio  in  one 
case,  and  a  typical  one  in  another. 
In  both  cases  the  distortion  of  100 
percent  modulated  signals  is  very 
high.  By  means  of  a  proper 
amount  of  negative  resistance 
placed  across  the  diode  load,  the 
Z„,lR^  ratio  was  made  unity  in  each 
case  and  the  distortion  measure¬ 
ments  repeated.  The  results  are 
indicated  by  the  solid  curve. 

It  should  be  mentioned  that  the 
distortion  was  measured  by  a  wave- 
analyzer  at  the  output  of  the  am¬ 
plifier  that  supplied  the  negative 
resistance.  The  measured  distor¬ 
tion  in  each  of  the  three  curves  is 
the  sum  of  all  distortions  due  to 
the  modulation-frequency  oscillator, 
the  modulator,  the  radio-frequency 
amplifier,  the  diode,  and  the  audio¬ 
frequency  amplifier  used  to  supply 
the  negative  resistance. 

The  amplifier  that  supplies  the 
negative  resistance  does  not  need 
to  be  a  separate  amplifier.  The 
conventional  radio  receiver  usually 
has  two  stages  of  audio  frequency 
amplification  after  the  diode  de¬ 
tector.  An  addition  of  one  resistor 
of  proper  value  may  be  sufficient 
to  make  the  ZnlR„  ratio  equal  to 
unity  and  eliminate  a  large  part 
of  the  distortion  that  results  when 
high  percentages  of  modulation  are 
present. 

Typical  circuit  of  a  diode  de¬ 


tector  and  two-stage  amplifier  that 
might  be  found  in  a  commercial 
radio  receiver  is  shown  in  Fig.  24. 
The  amplifier  may  be  stabilized  by 
negative  feedback  for  better  per¬ 
formance,  but  that  is  not  essential, 
although  highly  recommended.  A 
proper  value  of  will  develop  a 
negative  resistance  of  the  shunt  ^ 
type  and  in  combination  with  Rk 
will  form  an  open  circuit  so  that 
the  ratio  will  be  unity. 

Capacitance  Multiplication 

It  was  shown  that  if  an  imped¬ 
ance  Zji  was  connected  between  the 
input  and  the  output  terminals  of 
an  amplifier,  the  input  impedance 
of  the  amplifier  was  given  by  Eq. 
(13).  If  Za  is  a  pure  capacitance, 
the  input  impedance  of  the  ampli¬ 
fier  will  be  a  capacitive  reactance 
whose  magnitude  is  given  by 

""  jwCiil  -  G) 

If  the  amplifier  is  so  arranged 
that  the  output  of  the  amplifier  will 
be  of  opposite  relative  phase  to  its 
input,  then  the  gain  of  the  ampli¬ 
fier  will  be  a  negative  number,  and 
so  this  equation  becomes 

where  G'  indicates  that  it  is  a  nega¬ 
tive  of  the  previously  used  symbol 
G.  The  input  impedance  is  thus  a 
capacitive  reactance,  with  the 
equivalent  value  of 


=  C2(l  +  G')  (60) 

which  means  that  the  capacitance 
Ci  is  multiplied  by  the  factor 
(I  +  G').  It  must  be  remembered, 
however,  that  in  series  with  this 
capacitance  there  is  a  resistive 
component  due  to  the  inevitable 
output  resistance  of  the  amplifier. 

Us*  of  Negative  Impedance  Techniquet 

A  pure  capacitance  multiplica¬ 
tion  can  be  obtained  by  a  scheme 
similar  to  the  method  used  in 
obtaining  a  pure  negative  react¬ 
ance,  If  a  capacitance  is  found  to 
possess  a  certain  series  resistance, 
this  can  be  eliminated  by  placing  a 
negative  resistance  of  the  series 
type  in  series  with  the  amplifier  in 
the  manner  previously  described. 
By  making  the  negative  and  posi¬ 
tive  resistances  just  equal,  a  pure 
capacitance  can  be  obtained. 
Another  possible  way  of  obtaining 
a  pure  negative  capacitance  is  by 
utilizing  a  zero-output  impedance 
amplifier.^ 

In  some  cases  it  is  desirable  to 
have  a  two-terminal  impedance 
which  will  be  small  for  all  audio¬ 
frequencies  and  yet  act  as  an  open 
circuit  for  direct  currents.  Such 
an  impedance  may  be  obtained  in 
the  manner  described  above.  In 
the  frequency  region  where  the  am¬ 
plifier  supplying  the  multiplied 
capacitance  has  a  uniform  fre¬ 
quency  response,  the  resistive  com¬ 
ponent  will  be  constant  and  its 


FIG.  24 — Application  ol  negative  resistance  to  improve  diode  detector  in  conventional  radio  receiver  requires  addition  of  only  *•* 

resistor 
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f]Q,  25 — Using  principles  on  which  negative  impedance  has  been  discussed,  a  single  tube  can  be  used  to  multiply  capacitance  as  at 
(a)  for  a-c  circuits,  or  as  at  (b)  for  combined  a-c  and  d-c  circuits  for  such  applicotions  as  filters  (c) 


magnitude  is  given  by  Eq.  (11) 
with  G  replaced  by  G'. 

R  =  RJ{\  +  G')  (61) 

If  C-.  is  so  large  that  the  re¬ 
sultant  circuit  is  merely  a  resist¬ 
ance  to  all  frequencies  for  which 
the  amplification  G'  is  constant,  the 
amplifier  will  act  as  a  low  a-c  re¬ 
sistance,  but  will  not  pass  direct 
current.  Such  an  element  is  use¬ 
ful  in  power  supply  filters  where 
it  may  be  desired  to  use  it  as  a  volt¬ 
age  regulator  or  where  it  is  desired 
to  produce  better  filtering  than  can 
be  done  without  resorting  to  very 
large  capacitors.  This  use  is  illus¬ 
trated  in  Fig.  25. 

Siigle-Tube  Capacitance  Multiplier 

In  Fig.  25(a)  is  shown  a  single- 
stage  amplifier  which  has  the 
proper  phase  relations  to  act  as  a 
capacitance  multiplier.  The  ampli- 
bcation  is  best  obtained  by  means 
'll  a  pentode  which  has  a  high 
“tutual  conductance.  The  voltage 
[  Wnof  this  amplifier  is  G'  =  G„Ru 
that  the  input  impedance  of  the 
amplifier  is 


Za 


jwCj(l  G') 
1 


+ 


Ri 


1  4-  G’ 


+ 


Ri 


+  GM  1  +  G„Rx 
is  the  mutual  conduct- 
of  the  tube.  If  the  reactance 
f  capacitor  is  large  enough,  the 
®Put  impedance  of  the  amplifier 
simply  be  Z  =  \/G„  providing 
^  voltage  amplification  is  much 
czer  than  unity. 

.Tubes  such  as  6AC7  or  6SG7 
have 


u  mutual  conductance  in  the 
''*>Zliborhood  of  10,000  micromhos 
*®that  it  is  possible  to  obtain  an 
|®Put  resistance  of  100  ohms  for 
^  ^c^uencies  for  which  the  as- 
Ption  made  above  regarding 


the  magnitude  of  Ci  is  true.  This 
means  that  a  tube  of  this  sort  is 
equivalent  to  a  capacitance  of 
26.5/if  at  60  cycles,  or  to  a  capaci¬ 
tance  of  nearly  1600  /if  at  a  fre¬ 
quency  of  1  cps.  The  capacitance 
of  Ca  merely  needs  to  be  large  in 
comparison  to  Ri  at  these  fre¬ 
quencies,  which  is  simple  because 
Ri  can  be  made  as  large  as  one  de¬ 
sires. 

A  slightly  different  arrangement 
shown  in  Fig.  25(b)  differs  from 
the  amplifier  just  discussed  in  two 
respects.  If  in  the  amplifier  shown 
in  Fig.  25(a)  a  very  large  resist¬ 
ance  R3  is  placed  across  the  input 
terminals,  it  will  not  affect  the 
validity  of  the  equations  derived 
above.  Also,  if  C,  is  very  large, 
then  it  does  not  make  any  difference 
on  what  side  of  C*  the  input  imped¬ 
ance  is  measured,  and  therefore, 
the  equations  derived  for  Fig. 
25(a)  are  true  for  Fig.  25(b). 
Figure  25(b)  has  the  advantage 
that  a  direct-current  voltage  may 
be  impressed  upon  the  device  with¬ 
out  disrupting  the  normal  opera¬ 
tion  of  the  tube.  Thus,  this 
arrangement  can  be  utilized  in  a 
power-supply  filter  in  the  same 
manner  as  an  ordinary  capacitor. 

Further  modification  of  the  cir¬ 
cuit  is  shown  in  Fig.  25(c)  where 
the  device  is  shown  in  a  conven¬ 
tional  power-supply  filter  circuit. 
The  power  supply  itself  supplies 
the  necessary  current  for  the  tube 
and  the  parallel  combination  of 
load  and  power  supply  resistances 
constitute  the  equivalent  of  resist¬ 
ance  Rt  of  the  former  two  circuits. 
In  Fig.  25(b)  and  25(c)  the 
capacitor  Ca  needs  to  be  large 
enough  only  in  comparison  with 
Ra  which  makes  it  particularly 


simple  to  obtain  a  device  which  will 
filter  at  the  very  low  frequencies. 


Ntgativ*  Resistance  Increases  Tuned- 
Circuit  Q 


Consider  a  parallel  combination 
of  an  inductor  L  and  a  capacitor  C. 
If  L  is  a  pure  inductance,  and  C  is 
a  pure  capacitance,  then  the  im¬ 
pedance  at  resonance  becomes  in¬ 
finite.  If  the  circuit  L  contains 
resistance  R,  then  the  impedance  at 
resonance  will  be  determined  by 
the  figure  of  merit  of  the  circuit, 
commonly  known  as  Q,  which  is 
defined  as  tuL/Ro,  and  the  imped¬ 
ance  at  resonance  will  be  Ro  = 
idLQ. 

Often  it  is  desirable  to  have  a 
higher  shunt  impedance  than  can 
be  obtained  by  the  best  coil  that  is 
available.  This  difficulty  can  be 
overcome  by  introducing  either  a 
series  negative  resistance  in  series 
with  the  coil,  or  a  shunt  negative 
resistance  in  parallel  with  the  coil. 
By  properly  adjusting  the  magni¬ 
tude  of  the  negative  resistance,  any 
value  of  Q  can  be  obtained  from  the 
original  one  up  to  infinity.  If,  for 
example,  we  let  Ro'  be  the  shunt  im¬ 
pedance  of  the  tuned  circuit  at 
resonance,  and  assume  that  a  shunt 
type  negative  resistance  of  magni¬ 
tude  Rn  is  placed  across  the  tuned 
circuit,  then 


Ro'  = 
Ro 


RoRn 


Ro  •f’  Rn 
Rn 

Ro  +  Rn 


(63) 

(64) 


and  the  effective  Q  of  the  combina¬ 
tion  will  be 


The  stability  of  this  increased  Q 
must  depend  upon  the  actual  in¬ 
crease  in  Q.  This  may  be  found  as 
follows: 
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Seritt  negatii^  reiiskmce 


Ht^h  vo/fage 
framformtr 


VotriaUe-  votfoge 
fronsfbrmer 


FIG.  26 — Continuously-variable  regulated-output  power  supplies  can  be  built  using  negative  resistance  to  give  zero  internal  impedance 


dfl„  ^  («0  +  RnY  ^  ^ 

^Qett  _  ^Rn  r  Re  ~|  ((VT) 

Qm  Rn  LRe  +  RnJ  ^  ^ 

From  Eq.  (67)  it  is  plain  that  as 
R„  approaches  Ro  the  stability  be¬ 
comes  very  poor  and  at  the  point 
where  Q.,,  becomes  infinite,  the  sta¬ 
bility  becomes  infinite  (See  Eq. 
(18)  and  (27)  and  oscillations 
must  take  place.  But  due  to  the 
fact  that  the  negative  resistance 
may  be  stabilized  very  well  by 
means  of  negative  feedback,  a  con¬ 
siderable  increase  in  Q  is  possible 
with  reasonable  stability.  For  in¬ 
stance,  some  stability  figures  were 
previously  given  for  a  typical  am¬ 
plifier.  It  was  found  that  a  20  per¬ 
cent  change  in  supply  voltage  pro¬ 
duced  a  change  in  A  of  8  percent. 
With  p  =  -0.1,  and  A  =  10,000, 
the  stability  coefficient  was  found 
to  be  nearly  10  ®,  or  bRn/Rn  from  Eq. 
(17)  is  (1/1000)  (8/100)  =  8  X  10  “ 
If  it  is  further  assumed  that  L  is 
wound  with  copper  wire  and  that  a 
10°C  variation  in  temperature  may 
take  place,  the  original  Q  of  the  coil 
may  vary  by  4  percent.  If  is 
regenerated  to  the  point  where  the 
20  percent  variation  in  supply  volt¬ 
age  will  produce  a  4  percent  change 
in  the  Q,  then  Ro/  (Ro  -f  R„)  =  500. 

This  means  that  by  this  method 
it  is  possible  to  increase  the  selec¬ 
tive  properties  of  a  tuned  circuit 
by  a  factor  of  500  and  still  have  a 
resultant  stability  which  is  not 
worse  than  the  stability  of  the  orig¬ 


inal  coil  due  to  temperature  varia¬ 
tions.  Actually,  such  an  increase  in 
Q,tt  cannot  be  used  without  pro¬ 
viding  temperature  compensation. 

Tuned  circuits  regenerated  in 
this  way  have  many  applications. 
They  can  be  used  in  filters,  wave 
analyzers,  or  in  any  other  applica¬ 
tion  where  it  is  desirable  to  have  a 
higher  degree  of  selectivity  than  is 
made  possible  by  ordinary  coils. 

Improvement  of  Power-Supply  Regula¬ 
tion 

In  certain  applications  it  is 
sometimes  necessary  to  have  a 
power  supply  which  has  negligible 
voltage  variation  with  changing 
current,  or  in  other  words,  a  power 
supply  with  zero  internal  resist¬ 
ance.  This  can  be  accomplished  by 
various  types  of  well  known  volt¬ 
age  regulators.  For  use  with 
Klystrons  for  instance,  another 
feature  is  sometimes  essential:  a 


I  2^00 
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FIG.  27 — Improved  regulation  obtained 
with  negative  resistance  in  Klystron 
power  supply 


method  of  controlling  the  voltage 
of  the  power  supply  continuously 
from  zero  to  maximum  with  volt¬ 
age  regulation  over  the  entire 
range.  This  requirement  elimi¬ 
nates  most  of  well  known  regula¬ 
tors  and  makes  others  impractical. 

If  a  negative  resistance  is  placed 
in  series  with  a  power  supply  and 
its  magnitude  adjusted  so  that  it 
just  cancels  the  internal  resistance 
of  the  power  supply,  then  the  power 
supply  in  conjunction  with  the 
negative  resistance  will  have  a  zero 
internal  impedance  and  a  varying 
load  will  not  affect  output  voltage. 

Figure  26  shows  a  schematic  dia¬ 
gram  of  a  power  supply  and  a 
series  negative  resistance.  Such 
an  arrangement  will  make  the  out¬ 
put  voltage  of  the  power  suppl.v 
independent  of  current  taken  from 
the  power  supply  over  a  wide  range 
of  voltages,  because  the  internal  i 
impedance  of  power  supply  ap¬ 
proximates  quite  well  a  constant 
Figure  27  shows  the  improvement 
of  voltage  regulation  of  the  power 
supply  shown  in  Fig.  26. 
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it’s  know  how 


THE  CINCH  CHASSIS  CLINCH  line  of  sockets,  octols, 
loktols  and  miniatures,  ore  the  lost  word  in  economy, 
ease  of  assembly  and  simplicity  of  design.  These  sockets 
ore  rigidly  fastened  by  lugs  sheared  from  the  chassis 
using  special  tools.  Note  the  illustration.  Octols  and 
loktols  ore  interchangeable  in  the  same  chassis  hole. 
Complete  engineering  information  and  samples  are 
available  on  request.  The  chassis  combination  sockets 
are  another  illustration  of  Cinch  completeness  in 
radio  tube  sockets.  For  wartime  or  peacetime  if  it's 
tube  sockets  it's  a  Cinch. 


CNCH 


MANUFACTURING 

CORPORATION 


SUBSIDIAKY  OF 

UJ^ITFD  CARP  FASTENER  CORPORATION 
CAMBRIDGE,  MASS. 


September  194S 


Determining  Q 

OF  CAPACITORS 


Chart  minimizes  calculations  needed  in  converting  Q  meter  readings  into  the  Q  factor 
values  of  unknown  capacitors.  Use  of  fixed  capacitor  in  series  with  unknown  permitg 

extending  the  procedure  to  any  size  capacitor 


WITH  the  aid  of  the  accom¬ 
panying  chart  and  a  simple 
calculating  procedure,  the  Q  of  any 
capacitor  may  be  easily  determined 
from  measurements  made  with  an 
ordinary  laboratory-type  Q  meter. 

The  measuring  procedure  in¬ 
volves  setting  the  Q  meter  to  the 
frequency  at  which  the  capacitor  Q 
is  desired,  adjusting  the  meter  tun¬ 
ing  capacitance  Ci  to  resonance 
when  nothing  is  connected  to  the 
external-capacitance  terminals  of 
the  meter,  and  reading  the  value  of 
Qi  applying  to  the  coil  used  in  the 
measurements.  The  unknown 
capacitor  is  now  connected  to  the 
Q  meter,  a  new  at-resonance  setting 
Ca  is  obtained,  and  the  new  Q  value 
is  read  on  the  meter.  The  differ¬ 
ence  between  the  two  settings  of 
the  tuning  capacitance  is  then  the 
capacitance  value  of  the  unknown 
capacitor  (C,  =  Cx  —  Ca).  The  first 
Q  reading  and  the  difference  be¬ 
tween  the  two  Q  readings  are  then 
applied  to  the  chart  to  secure  the  Q 
of  the  unknown  capacitor. 

The  chart  is  based  on  the  equa¬ 
tion 

Cl  Qi  -  Q2 

where  Ci  =  capacitance  of  unknown  unit 
Qx  =  Q  factor  of  unknown  unit 
Cl  =  initial  capacitance  of  Q  meter 
circuit 

Qi  =  Q  of  coil  used  in  measurements 
02  =  Q  of  unknown  capacitor  and  Q 
meter  circuit  combined 

Three  practical  assumptions  have 


By  E.  L.  PEPPERBERG 

Engine. vrinfi  department 
Zenith  ttailin  Corporation 
Vhieago,  Illinoin 


been  made  in  the  derivation  of  this 
equation:  (1)  the  unknown  capaci¬ 
tor  has  a  Q  value  greater  than  10; 
(2)  the  tuning  capacitor  in  the  Q 
meter  circuit  is  considered  as  hav¬ 
ing  an  infinite  Q;  (3)  no  inductance 
is  present  in  the  capacitors  used. 
With  these  assumptions,  the  equa¬ 
tion  is  more  nearly  correct  at  the 
lower  radio  frequencies. 

If  Qi  in  Eq.  (1)  is  replaced  by 
Qi  —  AQ,  the  equation  becomes 

_  Cx  „  Qi-  AQ 


(^-0 


The  chart  is  based  on  a  value  of 
0.5  for  the  ratio  C^/C,.  For  other 
ratios,  the  Q  value  obtained  from 
the  chart  should  be  multiplied  by  2 
(to  eliminate  0.5),  then  multiplied 
by  the  actual  ratio  C^/Ci. 

Example  1 

Values  of  Ci  =  100  /x/xf  and  Qi  = 
250  are  obtained  for  the  Q  meter 
alone,  and  values  of  Cz  =  50  /x/xf 
and  Qa  =  240  are  obtained  with  an 
unknown  capacitor  Cz  connected  to 
the  Q  meter.  From  this  measured 
data,  Cx  —  100  —  50  =  50  /x/xf, 
Cx/Cx  =  0.5,  and  ^Q  =  250  -  240 
=  10.  Tracing  horizontally  on  the 


chart  from  AQ  =  10  to  the  Q,  = 
250  curve,  then  down  to  the  hori¬ 
zontal  reference  axis  gives  3,000 
for  Qx.  The  unknown  capacitor  is 
thus  50  /x/xf  and  has  a  Q  of  3,000. 

Example  2 

1 

Measurements  with  the  unknown 
capacitor  of  Example  1  at  some 
other  frequency,  near  the  first  fre¬ 
quency,  give  Cl  =  200  /x/xf,  Qi  = 
250,  Cn  z=  150  /x/xf,  and  Qi  =  245. 
Now  Cx  =  200  —  150  =  50  /x/xf  as 
before,  Cx/Ci  =  0.25,  and  AQ  = 
250  -  245  =  5.  For  AQ  =  5  and  Q. 
=  250  the  chart  gives  a  Q  value  of 
6,000  for  Cx/Ci  =  0.5,  and  applying 
the  correction  factor  (because  we 
have  a  different  ratio  now)  gives 
Qx  =  2  X  0.25  X  6,000  =  3,000. 
The  new  frequency  thus  gives  the 
same  value  of  Q  as  before. 

Large  Capacitors 

For  capacitors  too  large  to  be 
measured  on  the  Q  meter  in  the 
above  manner,  three  sets  of  meas¬ 
urements  and  additional  calcula¬ 
tions  must  be  made,  using  results 
obtained  from  the  chart.  A  small 
fixed  capacitor  Ca  is  required,  of 
any  value  that  can  be  measured  di¬ 
rectly  on  the  Q  meter  and,  with 
Ca  in  series  with  the  large 
known  capacitor,  gives  a  combined 
capacitance  which  can  also  be 
measured. 

In  this  procedure,  the  values 
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5000  Designs  for  Millions  of 
CONTACTS  and  CONTACT  ASSEMBLIES 


During  the  past  22  years,  Mallory  engineers  have  created  more  than 
5000  designs  for  electrical  contacts  and  contact  assemblies.  Meanwhile 
Mallory  metallurgists  have  provided  improved  contact  materials  .  .  .  special 
alloys  such  as  Elkonite*  and  Elkonium*  as  well  as  combinations  of  silver, 
tungsten,  platinum  and  other  metals. 


Mallory  has  also  developed  many  special  alloys  for  contact  backings  and 
such  supporting  members  as  springs,  arms,  studs  and  brackets.  Modern  pro¬ 
duction  equipment  enables  skilled  Mallory  workers  to  torch  braze,  furnace 
braze,  induction  braze,  resistance  braze,  silver  solder,  spot  weld,  projection 
weld,  flash  weld,  spin,  rivet  or  stake  contacts  to  supporting  members. 


Having  available  this  wealth  of  design  data  ...  of  contact  and  contact 
assembly  materials  .  .  .  and  of  production  facilities  .  .  .  Mallory  has  been  able 
to  meet  the  most  exacting  requirements  for  millions  of  contacts  and  contact 
assemblies.  Manufacturers  of  relays,  industrial  controls,  business  machines, 
home  appliances,  circuit  breakers  and  a  wide  variety  of  electrical  and  elec¬ 
tronic  equipment  have  learned  to  rely  on  Mallory  as  Contact  Headquarters. 


Consult  Mallory  contact  engineers  while  your  product  is  being  designed  .  .  . 
before  final  blueprints  are  made.  Often  a  complete  contact  assembly  from 
Mallory  will  save  you  engineering  time  and  production  costs. 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


***•  V.  S,  Pat.  (tff.fnr  electric  contacting  elemente. 


C,  and  Qi  are  first  obtained  for  the 
Q  meter  alone,  as  before.  The 
values  of  C2  and  Q2  are  obtained 
next,  with  fixed  capacitor  Ca  con¬ 
nected  to  the  Q  meter.  Finally,  the 
unknown  capacitor  Cj  is  placed  in 
series  with  Ca,  and  the  values  of  C3 
and  Qa  are  obtained.  From  this 
data,  the  capacitance  values  of  Ca 
and  Cx  are  calculated  as  follows 

C.  =  C,  -  C\  (3) 

C  A  (Cl  -  Ci) 

-  c.  -  (c;  -  c.)  (■*> 

The  Q  of  the  fixed  capacitor 
(Qxi)  is  found  with  the  aid  of  the 
chart,  just  as  for  the  original  pro¬ 
cedure,  and  the  Q  of  the  series  com¬ 
bination  of  Ca  and  Cx  (designated 
Qx,)  is  similarly  obtained.  The 
value  of  Qx  for  the  large  capacitor 


can  then  be  calculated  from  the 
equation 

n  =  Qyi  Qt2  Ca _ 

Qxi  (Ca  +  Cx)  -  Qx2  Cx 
This  equation  is  based  on  the  same 
assumptions  as  for  small  capaci¬ 
tors.  In  all  calculations  the  factor 
10  '-  is  omitted  from  capacitance 
values  because  the  factor  cancels 
out  and  does  not  affect  final  results. 

Example  3 

Q  meter  measurements  on  a  fixed 
capacitor  and  a  large  unknown  ca¬ 
pacitor  whose  size  and  Q  are  de¬ 
sired  give  the  following  readings 

Cl  =  400  MMf  Qi  =  250 

Ci  =  100  mmI  Q2  =  240 

Cj  =  169  (jitif  Qt  =  180 

From  Eq.  (3),  Ca  =  400  -  100  = 
300  /u/i.f.  From  Eq.  (4), 


300  (400  -  169) 

^  ^  300  -  (400  -  169)  “  '‘''f 

To  obtain  Qxi,  t^Q  =  250  -  240 
=  10,  Cxi  =  400  —  100  =  300,  and 
Cxi/Ci  =  300/400  =  0.75.  For  AQ 
=  10  and  Qi  =  250  on  the  chart,  a 
Q  value  of  3,000  is  obtained.  Apply, 
ing  the  correction  factor,  Q,j  =  2 
X  0.75  X  3,000  =  4,500. 

To  obtain  Qxi,  AQ  =  250  -  180 
=  70,  Cx2  =  400  -  169  =  231,  and 
Cxi/Ci  =  231/400  =  0.578.  For  AQ 
=  70  and  Q,  =  250,  the  chart  gives 
a  Q  value  of  320.  Applying  the  cor¬ 
rection  factor,  Qxt  =  2  x  0.578  x 
320  =  370. 

The  Q  of  the  large  capacitor  then 


4  .500  X  370  X  231 
4 ,500  (300  -fl  ,000)  -  370  X  300  "  ®  ^ 


j^OOO, '  ;  ^XX)  ^>06  10,000  30,000  50^000  KXiOOO 
r  Ov  FOR  UNKNOWN  capacitor 


Chart  ior  determining  Q  value  of  a  capacitor  from  Q  meter  measure  ments.  Large  capacitors  require  one  extra  set  of 
indicated  by  circuits  at  upper  right.  Chart  applies  specifically  to  m  easurements  in  which  ratio  of  unknown  capacitance  to  copoo 
C,  inside  the  Q  meter  is  0.5;  for  other  ratios,  multiply  chart  value  of  Qx  by  2Cx/C, 
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rtvivwvd.  All  of  thoso  products  oro  ovoiloblo 
In  rootonoblo  quonlltios  oxcopi  Iho  Typo  BTR 
Rosistor,  which  it  still  wholly  ollocotod  to  a 
tpociol  war  protect.  However,  samples  of  this 
unit  ore  available  and  will  be  gladly  sent  for 
test  or  experimental  purposes.  Your  inquiries 
will  receive  prompt  and  welcome  attention. 


To  o  line  of  resistors  already  broader  than  that 
of  any  other  manufacturer  in  the  entire  resistor 
industry,  IRC  has,  in  the  lost  few  months, 
announced  several  new  and  important  con¬ 
tributions.  Among  the  newer  developments 
having  wide-spread  application  in  the  elec¬ 
tronics  field  ore  the  components  here  briefly 


TYPE  PRT  POWER  RHEOSTAT 


TYPE  BTA  1  WATT  METALLIZEO 
INSULATEO  RESISTOR 


Rugged  yet  light  in  weight 
and  of  neat  appearance  the 
PRT  conforms  fully  with 
AN3I55  specs.  Has  heavy 
screw  type  terminals  at  rear 
of  enclosed  all>metal  housing. 
Available  in  25  and  50 
watt  models. 


Pencil-thin,  less  than  in  length  and 
conservatively  rated  at  one  watt  the 
BTA  is  a  quality  resistor  throughout 
and  meets  RC30  specs.  Low  in  oper¬ 
ating  temperature  it  has  proportion¬ 
ately  high  wattage  dissipation. 


TYPE  BTR'/a  WXTT  METXllIZED 
INSmtTED  RESISTOR 


Effkient  as  a  tubular  wire 
wound,  the  type  FRW  has 
many  features  that  recom¬ 
mend  it  for  limited  space 
use.  In  5  standard  sizes  to 
comply  with  JAN-R-26, 
specs  for  RW  20,  RW  21, 
RW  22,  RW  24  require¬ 
ments. 


Scarcely  bigger  than  a  bump  on  a 
wire  (L  'J^'-Dia.  J^')  the  BTR  '/s- 
watt  resistor  has  all  the  quality  char¬ 
acteristics  and  features  that  have 
long  mode  IRC’s  BT  line  "Preferred 
for  Performance."  Suitable  for  Army- 
Navy  RC  10  applications.  Available 
postwar. 


TYPE  6RW 

GRADE  1CLASS1  RESISTOR 


No  bigger  round  than  a  nickel 
and  wafer-thin,  this  control  will 
And  many  useful  applications 
in  the  smaller  electronic  de¬ 
vices.  All-irtdusive  design  elimi¬ 
nates  the  usual  knob,  shaft  and 
bushing  without  impairing 
ICnctional  operation. 


Thoroughly  dependable  and  of 
sound  construction  these  completely 
sealed  units  meet  or  surpass  every 
requirement  of  JAN-R-26  specs. 
Made  in  7  standard  sizes  with  power 
ratings  of  1 5  to  1 40  watts  and  resis- 
fence  ranges  qf  0.1  to  63,000  ohms. 


for  mAn  cotnpl^, 

technical 

ony  of  the  abov^tt^ 
products  write  to 

Oept.  U.  _ 

<IUI  n.  DKUHU  OIHCCI  •  rniLHULLrniH  0,  TH.  -  f  Pifl/ABll 

more  types  of  rosistance  units,  in  more  shupos,  for  more  applications,  than  any  ethor  manufacturer  In  the  world. 


RESISTAMCE  CO. 

401  N.  BROAD  STREET  •  PHIIADEIPNIA  0,  PA 
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INDUSTRIAL  CONTROL 


Automatic  Control  of  Vehicular  Traffic . 

Penicillin  Drying  Machine  in  Production . 

Industrial  Control  with  Intercom . 

Production  Tester  for  Small  Values  of  Capacitance 

Controlling  Activation  Schedules  At  Exhaust . 

Bolls  for  Bearings  Sorted  by  Electronic  Gage . 

Electronic  Swallow  Counter . 

Photo  Timer  for  Time-Motion  Study . 


Automatic  Control  of  Vehicular  Traffic 

Use  of  electronic  tubes  in  the  au-  Basically  there  are  two  elements 
tomatic  control  of  traffic  has  proved  to  the  system,  detectors  and  dis- 
eminently  practical  as  illustrated  by  patchers.  Dispatching  of  traffic  is 
applications  in  large  and  small  done  by  a  control  mechanism  whose 
cities  and  along  highways.  Such  a  function  is  to  receive  the  impulses 
system,  developed  by  the  engineers  from  detectors,  and  then  assign  the 
of  the  Northern  Electric  Company  right-of-way  by  means  of  signals, 
of  Montreal,  has  been  successfully  in  accordance  with  traffic  demand 
used  in  Quebec  for  several  years.  from  instant  to  instant. 


Fig.  1 — Essential  elements  ol  electronic 
traffic  control  developed  by  Northern 
Electric  Company  of  Montreal.  Impulsei 
generated  by  moving  traffic  in  vehicle 
detectors  A,  and  trolley  detectors  B, 
activate  the  dispatcher  C  to  operate 
traffic  signals 


Detectors  are  usually  buried  in 
the  ground  under  the  roadbed  at 
each  approach  to  an  intersection, 
and  may  be  either  of  the  pressure- 
sensitive  or  magnetic  type.  In  gen¬ 
eral,  a  vehicle  passing  over  a  de¬ 
tector  closes  a  circuit  (in  the  case 
of  the  pressure-sensitive  type)  or 
generates  a  minute  pulse  of  voltage 
(in  the  magnetic  type).  This  pulse 
passes  through  an  amplifier  and  re¬ 
lay  to  the  dispatcher,  which  in  due 
course  of  time  actuates  the  traffic 
lights.  A  plan  of  a  typical  installa¬ 
tion  is  shown  in  Fig.  1.  Handling 
the  movement  of  trolley  cars  re¬ 
quires  special  consideration  which 
will  be  described  later. 

Principle  of  Detector 

A  compensated  magnetic  detector 
is  used  which  consists  of  two  per¬ 
manently  magnetized  parallel  steel 
bars  with  a  coil  assembly  mounted 
The  coil  assemblies 


on  each  bar. 
are  hermetically  sealed  and  the 
whole  unit  (coils  and  bars)  is  held 
together  by  means  of  a  cast  con¬ 
crete  block.  The  concrete  block  is 
cast  with  a  splice  box  and  a 
threaded  conduit  coupling  as  an 
integral  part  to  facilitate  cable  and 
conduit  connections. 

In  operation,  a  minute  voltage  is 
induced  in  the  coils  of  the  detector 
by  the  passage  of  a  vehicle  over  the 
iron  bars  of  the  unit.  This  volteg®- 
not  being  of  sufficient  magnitu  e 
to  directly  operate  a  relay,  is  amP'" 

electronic 


A  modification  of  the  traffic  control  system  was  needed  for  operation  by  trolley  cars. 
The  special  trolley  detector  is  mounted  on  the  pole  at  the  left.  The  contactor  on  the 
wire  is  indicated  by  the  black  arrow 
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HARVEY  OF  CAMBRIDGE 
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The  HARViY  Regulated 
Power  Supply  106*PA 

meets  every  need  for  a  cootroiUbie,  de> 
pendeble  source  of  laboratory  D.C.  power 
between  200>300  volts.  Operates  from 
115  volts  A.C.. .output  remains  constant 
even  though  line  voltage  varies  between 
95  and  150  volts.  Ripple  content  is  better 
than  10MV...two  separate  filament  volt* 
ages  available... 6. 3  volts,  5  amps.  each... 
parallel  operation  possible  making  6.3 
voks  at  10  amps,  available.  D.C.  volt¬ 
meter  for  measuring  output.  A  model  of 
effi^ency  and  convenience. 
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The  New  HARVEY  Regulated  Power  Supply  206 -PA 

operates  precisely  and  efficiently  in  the  500  to  1000  volt  range.  It  provides  a  reg¬ 
ulated  flow  of  D.C.  power  in  two  ranges:  500  to  700  at  amp;  700  to  1000  at  '/» 
amp.  Ripple  content  '/lo  of  1%  or  better  in  any  voltage . . .  300  MV  at  1000  volts 
or  better.  Output  is  constant  within  l%from  no  load  to  full  load  in  each  range; 
regulation  1%  or  better.  The  HARVEY  206-PA  has  many  safety  and  operating 
features  that  make  it  as  easy  and  convenient  to  use  as  the  106- PA. 

If  your  equipment  includes  Pulse  Generators,  Constant  Frequency  Oscillators, 
Amplifiers,  Measurement  Equipment  or  other  apparatus  requiring  a  constant 
source  of  D.C.  Power,  you  should  look  into  these  HARVEY  Regulated  Power 
Supplies.  We’d  be  pleased  to  send  the  latest  bulletins  on  either  or  both.  No  obli¬ 
gation,  of  course. 
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fied  through  a  vacuum-tube  ampli¬ 
fier  shown  schematically  in  Fig.  2. 

The  double-bar  type  of  detector 
unit  is  utilized  for  compensation 
against  operation  by  current  surges 
in  nearby  street  car  rails,  power 
cables,  etc.,  and  to  insure  that  the 
vehicle  must  pass  over  some  part  of 
the  unit  to  provide  operation.  This 
compensation  is  derived  by  having 
the  coil  assemblies  of  each  of  the 


current  flowing  as  indicated  by  the 
arrows.  The  coils  being  normally 
connected  in  opposition  to  each 
other,  only  a  slight  negative  voltage 
reaches  the  amplifier  due  to  one  bar 
being  nearer  the  axle  than  the 
other.  As  the  axle  passes  over  the 
first  bar,  the  induced  voltage  in  its 
associated  coil  reserves.  When  the 
axle  is  traveling  between  the  two 
bars,  the  induced  voltages  in  the 


Fig.  2 — Pulses  from  the  magnetic  detectors  are  amplified  to  operate  the  output  relay, 
indicating  a  demand  for  right-of-way  to  the  dispotcher 


bars  connected  in  opposition  so  that, 
in  the  event  of  a  nearby  current 
surge  acting  upon  the  bars,  the 
voltage  generated  in  one  coil  will  be 
neutralized  by  the  voltage  gen¬ 
erated  in  the  other  coil. 

The  amplifier  or  relay  unit  itself 
is  only  responsive  to  a  positive 
voltage  impulse  on  the  grid  of  the 
first  tube  and  it  is  this  feature 
which  makes  the  detector  direc¬ 
tional  to  a  certain  degree.  As  it  is 
necessary  for  a  vehicle  to  be  in  mo¬ 
tion  to  operate  the  detector,  vehicles 
which  park  nearby  or  directly  over 
the  detector  do  not  cause  it  to  be 
permanently  energized  and  do  not 
affect  the  normal  operation.  Other 
vehicles  passing  beside  the  parked 
vehicle  and  passing  over  any  part 
of  the  bars  will  be  detected. 

Operation 

When  the  axle  of  a  vehicle  ap¬ 
proaches  the  unit,  as  shown  in  Fig. 
3,  it  starts  to  cut  the  lines  of  mag¬ 
netic  force  of  both  bars,  thereby  in¬ 
ducing  a  voltage  in  the  coils  with 


ing  the  intersection  from  the  cor¬ 
rect  direction  are  detected. 

The  dispatcher  mechanism  is 
mounted  in  a  weather-proof  cabi¬ 
net  equipped  with  numbered  con¬ 
necting  blocks  and  suitably  labeled 
switches  for  switching  on  or  off  of 
the  traffic  lights  and  transferring 
from  automatic  to  manual  control 
as  desired.  It  consists  of  a  solenoid- 
operated  cam  shaft  having  six  steps 
per  cycle. 

Associated  with  the  cams  are  two 
groups  of  spring  contacts  which 
open  or  close  in  varying  combina¬ 
tions  according  to  shaft  position,  to 
set  up  the  appropriate  signal  indi¬ 
cations  and  to  change  the  timing 
conditions  as  necessary.  Four  re¬ 
lays,  two  gas  discharge  tubes,  a 
transformer  and  rectifier  and  sev¬ 
eral  R-C  timing  circuits  are  also 
included  in  the  dispatcher  unit.  The 
transformer  furnishes  the  low  a-c 
potential  for  the  operation  of  the 
detector  relays  and,  in  conjunction 
with  the  rectifier  tube,  furnishes 
d-c  for  the  timing  circuits. 

Traffic  cycles  of  the  control  mech¬ 
anism  are  divided  into  six  intervals 
which  consist  of  an  initial  green  or 
go  interval,  a  vehicle  green  interval 
and  a  yellow  caution  interval  for 
each  of  two  phases.  The  length  of 


coilfe  of  the  two  bars  are  in  series 
and  a  comparatively  large  positive 
voltage  impulse  is  transmitted  to 
the  amplifier.  As  the  axle  passes 
over  the  second  bar  and  away  from 
the  detector,  the  voltage  in  each  of 
the  coils  is  again  neutralized. 

With  vehicles  traveling  in  the 
opposite  direction,  the  reverse  oc¬ 
curs.  A  comparatively  large  nega¬ 
tive  voltage  is  generated  when  the 
axle  is  passing  between  the  two 
bars  but,  due  to  the  design  of  the 
amplifier,  this  negative  voltage  im¬ 
pulse  is  not  amplified.  However,  a 
car  traveling  in  the  wrong  direc¬ 
tion  will  generate  a  small  positive 
voltage  on  approaching  the  detector, 
which  voltage  may,  under  certain 
conditions,  be  sufficient  to  operate 
the  relay.  To  utilize  the  maximum 
effectiveness  of  the  directional  fea¬ 
ture,  an  adjustable  sensitivity  con¬ 
trol  is  incorporated  in  the  relay 
unit  and  is  adjusted  manually  by  a 
knob  on  the  panel  of  the  unit.  This 
control  is  adjusted  to  the  minimum 
point  where  all  vehicles  approach- 


Fig.  3 — Axles  o!  moving 
magnetic  lines  of  force,  generating  w  • 
ages  in  the  inductors 

September  194S  —  ELECTRONICS 


Answers  to  your  Questions  about  the  SHURE 
"556”  Super-Cardioid  Broadcast  Dynamic 


Answer:  Super-Cardioid  is  an  improvement 
on  the  cardioid  (heart-shaped)  pickup  pattern, 
which  makes  it  even  more  unidirectional. 
"Super-Cardioid”  reduces  pickup  of  random 
noises  by  73%  as  compared  to  67%  for  the 
Cardioid,  and  yet  has  a  wide  pickup  angle 
across  the  front. 

QTo  accomplish  this,  is  it  necessary  to  have  two 
•  Microphones  in  a  single  case? 

Answer:  No.  The  Shure  **556”  is  designed 
according  to  the  **Uniphase”  principle,  a 
patented  Shure  development  which  makes  it 
possible  to  obtain  the  "Super-Cardioid”  pat¬ 
tern  in  a  single  compact,  rugged  unit. 

QOver  what  range  does  the  Shure  "556*'  give 
•  quality  reproduction? 

Answer:  The  Shure  **556”  provides  a  high 
degree  of  directivity,  both  horizontally  and 
vertically  over  a  wide  frequency  range  from 
40  to  10,000  cycles. 

Q,  Does  the  Shure  "556"  reduce  feedback? 

Answer:  Yes!  Reflected  sounds  and  *' spill¬ 
over”  from  loud  speakers  entering  from  the 
rear  are  cancelled  out  within  the  Microphone. 

Can  the  Shure  "556"  he  used  outdoors? 

Answer:  Yes.  It  is  insensitive  to  wind  and 
will  withstand  heat  and  humidity.  The  low 
impedance  models  may  be  used  at  practically 
unlimited  distances  from  the  amplifier. 

QCan  the  Shure  "556"  be  used  for  Studio 
•  Broadcasting? 

Answer:  More  than  750  Radio  Broadcast 
Stations  in  the  United  States  and  Canada  use 
the  Shure  **556”  in  their  studios.  Because  it 
can  be  placed  with  its  back  to  the  wall  with¬ 
out  picking  up  reflected  sounds  or  echoes,  it 
facilitates  Microphone  placement. 

Model  556 A  for  35-50  Ohm  circuits — 

LIST  PRICE  $75 

Model  556B  for  200-600  Ohm  circuits — 

LIST  PRICE  $75 


SHURE  BROTHERS 

Designers  and  Manufacturers  of  Microphones 
and  Acoustic  Devices 

225  West  Huron  Street,  Chicago  10,  Illinois 

CABLE  ADDRESS:  SHURE  MICRO 
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on  the  transformer.  The  trans¬ 
former  isolates  the  dispatcher  cir¬ 
cuit  from  the  d-c  of  the  trolley  line, 
but  passes  on  the  necessary  impulse 
to  register  a  demand  for  right-of- 
way.  The  voltage — divided  network 
of  Rx  and  R.,  by  limiting  the  voltage 
applied  to  the  transformer  primary, 
permits  control  of  the  intensity  of 
the  secondary  pulse. 

A  voltage-divider  network,  sub¬ 
stituting  a  capacitor  for  /?„  was 
considered.  This  arrangement, 
while  removing  all  d-c  from  the 
transformer,  had  the  disadvantage 
of  placing  high  transient  voltages 
on  the  circuit,  making  necessary 
special  insulation  on  both  the  trans¬ 
former  and  R.. 

Two  other 


each  interval  is  determined  by  the 
setting  of  a  variable  resistor  in  an 
R-C  circuit.  Charging  the  capacitor 
through  the  resistor  continues  un¬ 
til  sufficient  voltage  is  developed 
across  the  capacitor  to  cause  the 
gas  discharge  tube  to  flash  over, 
energizing  the  cam-shaft  solenoid 
to  shift  the  cam  assembly  one  step. 
As  the  cam  shaft  is  rotated  from 
step  to  step,  a  new  R-C  combination 
is  switched  into  the  circuit,  making 
possible  individual  adjustments  of 
each  time  interval. 

Trolley  Cars 

Difficulty  arose  in  the  operation 
of  the  system  close  to  electric  trol¬ 
ley  lines.  Consider  the  operation 
when  the  trolley  car  arrives  at  an 
intersection  and  stops  to  receive 
or  discharge  passengers.  Since  the 
traffic  detectors  are  placed  some 
distance  from  the  intersection,  the 
halted  trolley  cars  are  now  past  the 
detector  and  there  is  no  way  of  sig¬ 
naling  the  traffic  dispatcher  when 
the  car  is  ready  to  proceed.  The 
most  economical  method  is  to  place 
a  contactor  on  the  trolley  wire  so 


TRANSFORMER 


TO  DISPATCHEI 


CONTACTOR 


TROLLEY  WIRE 


RAIL-GROUND 


Fig.  4 — Trolley  closes  contactor,  gener¬ 
ating  voltage  impulse  in  transformer  to 
actuate  despatcher 

that  a  movement,  a  few  feet  for¬ 
ward,  of  the  car  will  close  the  con¬ 
tact  and  register  a  demand  on  the 
dispatcher. 

The  first  solution,  involving  the 
use  of  a  contactor  and  a  relay,  had 
several  disadvantages.  A  modifica¬ 
tion  shown  in  Fig.  4,  eliminated  the 
disadvantages  of  the  first  idea.  As 
the  trolley  moves  forward,  it  closes 
the  circuit  to  ground  through  the 
trolley  pick-up  unit,  impressing 
what  is  in  effect  a  unit  step  voltage 


considerations  in¬ 
volved  secondary  impedance  and 
false  operation  due  to  transients  in 
the  trolley  conductor  field.  Since 
the  detectors  are  wired  in  series,  it 
is  necessary  that  the  impedance 
looking  into  the  secondaries  of  the 
individual  units  be  low.  A  hum¬ 
bucking  and  shielded  transformer 
eliminates  the  effect  of  unwanted 
transients. 


Penicillin  Drying  Machine  in  Production 

As  NOW  PERFECTED  for  production  wirth,  of  RCA  Laboratories,  and  bers  tl 
use,  the  electronic  drying  system  consists  of  a  bulk-reducer  for  de-  moistu: 
for  penicillin  that  was  announced  hydration,  an  electronic  vacuum  The  b 
by  RCA  Laboratories  last  fall  can  drier,  and  vacuum  heating  cham-  rent  t( 
produce  ready-to-use  vials  of  peni¬ 
cillin  at  the  rate  of  2,000  per  hour,  -  ■ 

with  each  vial  containing  100,000  ...  ;  ' 

Oxford  units  of  the  renowned  drug. 

Hourly  production  is  sufficient  to 

treat  400  patients  requiring  500,-  I C 

000  units  each.  The  system  can 
operate  as  much  as  20  hours  a  day 
for  a  of  4,000,000,000  Oxford 

This  rate  of  output  exceeds  that 
of  conventional  equipment  which 
occupies  four  times  the  floor  space 
costs  triple  the  amount  of  the 

system,  according  to  offi-  WUBtm 
of  F.  J.  Stokes  Machine  Com- 
pany,  manufacturer  the  system 
by  RCA 

system  far 


Three  Units 


Complete  electronic  drying  system  ior  penicillin.  The  three  glass  bulbs  compn** 
r-f  heating  bulk  reducer  that  does  in  30  minutes  a  dehydrating  operation  that 
rquire  24  hours  by  freeze-drying.  At  center  is  the  electronic  vacuum  drier  that  teat 
1-cc  quantities  of  concentrated  penicillin  solution  to  a  dry  film  in  vials.  At  right 
the  dome  heating  tables  where  the  last  bit  of  moisture  is  removed  from  the  r 


The  system  was  developed  by 
Dr.  George  H.  Brown  and  his  asso¬ 
ciates,  C.  N.  Hoyler  and  R.  A.  Bier- 
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DRYING  PENICILLIN 


(continued) 


solution  to  a  constituency  of  100,- 
000  Oford  units  per  cubic  centi- 
menter.  A  standard  RCA  2,000 
watt  r-f  generator  is  connected  to 
provide  dielectric  heating  of  the 
contents  of  three  large  glass  bulbs 
joined  in  vertical  series  and 
attached  to  a  pump  that  maintains 
a  relatively  low  vacuum.  In  this 
vacuum,  the  solution  boils  at  50  F. 
Evaporation  takes  place  at  the  rate 
of  three  litres  an  hour,  about  48 
times  as  fast  as  by  conventional 
means. 

Second  Generator 

The  electronic  vacuum  drier  con¬ 
sists  of  six  porthole-frame  vacuum 
chambers  mounted  on  a  round 
table  and  connected  to  a  second 
RCA  2,000-watt  r-f  generator. 
Vials  containing  1  cc  of  concen¬ 
trated  penicillin  are  placed  in  the 
chambers  and  caused  to  rotate 
individually  at  3,000  rpm,  while 
subjected  to  r-f  heating.  In  three 
minutes,  the  solution  in  the  vials 
becomes  a  dry  film. 

Each  chamber  in  the  electronic 
vacuum  drier  contain  34  vials 
of  concentrated  penicillin  solution, 
and  the  system  is  so  regulated  that 
r-f  heat  penetrates  three  of  the 
vacuum  chambers  at  one  time,  leav¬ 
ing  the  other  three  free  for  load¬ 
ing  and  unloading.  Red,  green  and 
amber  lights  at  the  side  of  each 
chamber  informs  the  operator  of 
progress. 

To  eliminate  the  small  percent¬ 
age  of  moisture  that  lingers  in  the 
dried  penicillin,  the  vials  are 
placed  in  electrically  heated  vacuum 
chambers  for  30  minutes. 

Continuous  production  is  pro¬ 
vided  at  a  fixed  rate  of  speed  and 
may  be  started  or  stopped  at  will 
without  endangering  the  drug 
under  process.  Development  work 
is  being  continued  to  extend  the 
application  of  the  electronic  dry¬ 
ing  process  to  many  other  products, 
such  as  foods,  antitoxins,  biologi- 
cals,  and  pharmaceuticals. 


Water  Proof,  Moisture  Proof 
and  Steam  Proof  METERS 


VOITMITERS . . .  AMMETERS . . .  MILIIAMMETERS . . . 
MICROAMMETERS.. .WAnMHERS... BOTH  AC  AND  DC 


Now,  you  can  get  HICKOK  precision  and  dependability 
in  a  new  line  of  hermetically  sealed  meters.  Available 
in  and  4^"  round  styles.  Dimensions  of 

American  War  Standards  Assn.  Drawings  C39.2>1  and 
The  size  is  built  especially  for  use  in  radio 
Bcirvice  equipment  where  several  scale  arcs  are  required. 

All  instruments  are  hermetically  sealed  and  both 
vacuum  and  pressure  tested  under  water.  Case  fabri- 
rated  of  pressed  steel  and  made  corrosion  resistant  to 
meet  specific^ations.  Terminals  are  a  special  glass 
soldered-in  type. 

All  meters  are  fully  shielded,  permitting  use  on 
either  magnetic  or  non>magnetic  panels.  Operation 
is  accurate  and  dependable  even  up  to  83'^  centigrade. 
Internal  pivot  construction  in  D.C.  types  assures 
longer  life  and  greater  resistance  to  shock  and  vibra« 
tion.  Write  for  further  information  today. 

THE  HICKOK  ELECTRICAL  INSTRUMENT  CO. 

10527  DUPONT  AVENUE  •  CLEVELAND  8,  OHIO 


Industrial  Control  With 
Intercom 

In-  certain  departments  of  the 
B.  F.  Goodrich  plant  in  Akron, 
Ohio,  industrial  inspectors  report 
directly  to  workers  involved  by 
using  an  intercommunicator  sys- 


PRECI5ION  CALIBRATED 


LASTING  ACCURACY 
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No'Signal  squelch  circuit  makes  this  general  purpose 
KAAR  RECEIVER  IDEAL  FOR  STANDBY! 


The  KAAR  KE-23A  general 
purpose  receiver  has  a  wider  than 
customary  range,  covering  all  of 
the  radio  communication  bands 
from  500  Kc  to  42  Me.  Unsur¬ 
passed  for  most  types  of  emer¬ 
gency,  commercial,  and  amateur 
operation,  it  is  especially  favored 
as  a  standby  receiver. 

A  no-signal  squelch  circuit — 
normally  not  available  in  a  gen¬ 
eral  purpose  receiver — automati¬ 
cally  silences  the  speaker  except 


when  a  call  or  message  is  being 
received,  thus  eliminating  back¬ 
ground  noise  during  standby 
periods.  A  threshold  control  on 
the  panel  determines  the  amount 
of  carrier  required  to  operate  the 
receiver,  or  cuts  out  the  squelch 
circuit  when  desired. 

This  nine  tube  receiver  has  a 
high  degree  of  stability  and  its 
selectivity  and  sensitivity  insure 
reception  under  the  most  difficult 
conditions. 


The  KE-23A,  designed  for  117 
volt  60  cycle  AC  operation,  is  in¬ 
stantly  converted  to  6  volt  DC  by 
plugging  in  aKAAR  647X  power 
pack  at  the  back.  Write  today  for 
additional  information  about 
this  versatile  KAAR  receiver. 

KAAR 

ENGINEERING  CO. 

PALO  ALTO,  CALIFORNIA 

Export  Agonti:  FRAZAR  &  HANSEN 
301  Clay  Street  •  San  Francisco,  California 
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CRYSTALS— Low-drift  quartz 
plates.  Fundaftiental  and 
harmonic  types  available  in 
various  holders. 


AM  TRANSMIHERS-Mobile, 
marine,  and  central  station 
transmitters  for  medium  and 
high  frequencies.  Instant  heat¬ 
ing,  quickly  serviced. 


MICROPHONES -Type  4-C 
single  button  carbon.  Su¬ 
perb  voice  quality,  high 
autput,  moisture  proof. 


CONDENSERS- Many  types 
of  small  variable  air  con¬ 
densers  available  for  tank 
circuit  and  antenna  tuning. 


TRANSMIHERS-SO  and 
100  watt  mobile  FM  trans¬ 
mitters  with  instant- heating 
tubes  for  lower  battery  drain. 
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The  11000  Series 


Transmitting  Condensers 


AnoHiar  MllUn  •xcluiiv*  ''D««igii«d  for 
ApplicaMon"  product.  Illuctrolod  it  Iho  1 1035 
tizo.  Pormilt  moro  officiont  uto  of  nowor 
Iwbo* — moro  compact  and  lymmotricol  circuit 
orrongomonU  and  canzoquont  bottor  nou- 
traiizotion.  Contor  fod  rotors  for  bottor  high 
froquoncy  curront  distribution,  isoiantito  in- 
suiotion;  torminois  in  convoniont  placos. 
Sturdy  cost  aluminum  contor  fromo  with 
right  onglo  drivo,  16/1  ratio.  Roundod  pol- 
ishod  hoovy  gougo  aluminum  platos.  Ex* 
tondod  rotor  shaft  for  dial  or  Indoxing  dovico. 


Fig.  2 — Complete  drciiit  of  the  capacitance  meter  for  simple  and  rapid  determination 
of  very  small  values  of  capacitance 


JAMES  MILLEN 
MF6.  CO.,  INC. 
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Use  of  the  intercom  is  credited 
with  saving  money  and  rubber  and 
also  with  speeding  up  production  of 
carburetor  diaphragms  used  in 
large  bombing  planes  as  well  as 
other  items.  Forty-one  loud  speak¬ 
ers  supply  two  divisions  of  the 
plant  and,  when  not  being  used  for 
inspection  reports,  these  carry  mu¬ 
sic  and  news  to  the  workers. 


CONTROL  WITH  INTERCOM 


tern.  Seated  before  a  microphone, 
the  inspector  can  reach  up  and  pull 
a  callboard  lever  to  contact  the  re¬ 
sponsible  worker  over  a  loudspeaker 
mounted  above  his  place  of  work. 
Thus  a  deficiency  occurring  in  one 
heat  or  molding  operation,  for  ex¬ 
ample,  can  be  spotted  before  the 
error  is  repeated.  The  workman 
can  answer  by  pressing  a  button. 


Production  Tester  for  Small  Values  of  Capacitance 


By  L.  Y.  Hanopol 

Technical  Apparatun  Co. 
Boston,  Buss. 


The  quality  control  and  the  uni¬ 
formity  of  production  demanded  by 
present  military  needs  has  brought 
into  effect  standards  set  by  the 
RMA  and  the  Joint  Army-Navy 
Committee,  which  have  required 
greater  accuracy  and  reproducibil¬ 
ity  of  measurement  of  interelec¬ 
trode  capacitance  of  vacuum  tubes. 
With  the  encouragement  of  some 
members  of  the  tube  industry,  the 
design  of  an  instrument  for  meas¬ 
uring  the  interelectrode  capaci¬ 
tance  of  vacuum  tubes  was  under¬ 
taken.  An  instrument  of  this  type 
had  been  developed  and  used  suc¬ 
cessfully  for  some  time  at  Raytheon 
Manufacturing  Co.,  whose  data 


Fig.  1 — Basic  circuit  of  the  vacuum-tube 
capacitance  meter.  Ca  is  the  capac¬ 
itance  being  measured,  Cs  the  unknown 
element  of  the  network,  ond  Cf  the  co- 
pocitance  to  ground  for  the  element 
being  meosxued 

were  released  to  provide  the  basis 
for  commercial  redesign  of  the  in¬ 
strument  to  permit  its  more  gen¬ 
eral  use  by  the  industry. 

This  instrument  most  nearly 
filled  the  requirements  desired.  Es- 


THE 


BALLENTINE 


RECORD  CHANGER  MOTOR 

Has  these  four  characteristics  achieved  by 
advanced  design,  skilled  engineering 
and  precision  manufacturing. 

•  Lowest  Rumble  •  Highest  Efficiency 
•  Most  Compact  Design  •  Longest  Life 

The  Ouiet  Ballentine  Changer  Motor  is 
recommended  to  record  changer  manu¬ 
facturers  seeking  to  provide  the 


ultimate  in  performance. 
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PRODUCTION  TESTER 


(conflnutd) 


pecially  important  were  the  use  of 
a  single  fixed  standard,  whose  mag¬ 
nitude  made  an  accuracy  of  one- 
half  of  one  percent  readily  obtain¬ 
able,  a  range  multiplier  which  could 
be  voltage  calibrated,  and  a  direct- 
reading  capacitance  indicator. 

Other  Uses 

The  equipment  will  readily  meas¬ 
ure  other  capacitances  than  those 
between  vacuum-tube  elements,  and 
adequate  measurements  can  be  ob¬ 
tained  without  shielding  of  the  test 
specimen  when  its  geometry  is  de¬ 
terminate  and  the  sample  can  be 
directly  connected  to  the  ends  of  the 
coaxial  cables.  Not  only  may  items 
such  as  small  fixed  and  variable  ca¬ 
pacitors  be  measured,  but  charac¬ 
teristics  which  can  be  correlated 
with  capacitance  can  be  determined 
with  the  use  of  small  samples.  The 
precaution  or  limitation  that  vari¬ 
ables  other  than  the  one  correlated  | 
with  capacitance  take  the  form  of 
parameters  holds  here  and,  for  the 
many  materials  where  this  is  true, 
measurements  of  thickness,  dielec¬ 
tric  constant,  position,  etc.,  can 
readily  be  made.  For  production 
testing,  jigs  are  convenient  and  de¬ 
sirable. 

Principle  of  Operation 

The  circuit  of  the  instrument  is 
shown  in  Fig.  1.  When  the  un¬ 
known  C,  is  part  of  a  voltage  di¬ 
vider  whose  other  element  is  C* 
the  voltage  across  Cd  will  be  propor¬ 
tional  to  C,.  The  system  thus  re¬ 
quires  only  a  constant  voltage 
source  and  a  high-impedance  de¬ 
tector.  Variation  of  range  of  meas¬ 
uring  is  controlled  by  the  switching 
of  the  oscillator  voltage  and  the  di¬ 
viding  elements  of  the  measuring 
network. 

There  are  two  limiting  sources  of 
error :  first,  that  due  to  the  conduct¬ 
ance  of  the  unknown :  and  secondly, 
the  capacitance  to  ground,  C„  of  the 
unknown,  which  changes  the  value 
of  Cd,  the  other  element  of  the 
divider.  The  conductance  error  is 
reduced  to  negligible  proportions 
by  choosing  a  frequency  such  that 
,the  conductance-to-reactance  ratio 
is  less  than  0.01.  'Measurements 
show  most  tubes  to  have  Q  values 
between  100  and  200  at  465  kc.  B> 
using  this  radio  frequency  for  the 
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WHY  MORE  AND  MORE 
MANUFACTURERS 


DEPEND 


fNSL-X 


P RESEARCH  LEADERSHIP:  Before  the  war 
and  during  the  war  fnsf-x  Research  has  been 
instrumental  in  the  development  of  numer* 
ous  advancements  in  insulation  moterials  for 
the  electrical  and  electronic  industries.  Insf-x 
Reseorch  Leadership  is  your  guorontee  of 
Quality,  Service  and  Dependability. 


Mermative  Uterafure  Upon  hequesf 


THE  INSL-X  COMPANY  INC. 


857  MEEKER  AVE..  BROOKLYN  22.  N.  Y. 

CiltCACO  DETROIT  LOS  ANGELES  PHILADELPHIA 

CLEVELAND  ST.  LOUIS 


FI/S/E  FOt/y/TS  /%t/\K.£  Fi/VF 


PK.OFV€TS 


VACUUM  OIL 
IMPREGNATIHG 


AMERTRAN  HERMETKALLY 
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y^APOR  FLOW 


GAUGE 


OIL  FLOW 


OIL 

STORAGE 


FILTER 


II! 


II 


iiesCoro”" 

Dielecf^'  *"  ^ 


the  dielectric  s  all  oil! 

No  Volatiles  —  No  Air  —  No  Moisture  , —  No  Sludge 
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Combination  of  230  degrees  F.  heat  and  an 
ed}solute  pressure  of  1  mm  of  mercury  rids  oil  of 
volatiles,  air  emd  moisture.  Filter  removes  sludge 
and  all  foreign  matter.  Transformers  eure  likewise 
subjected  to  this  combination  of  heat  emd 


vacuum  for  five  hours — effecting  thorough  de 
hydration.  At  the  conclusion  of  this  peric^,  the 
treated  oil  is  admitted  to  the  impregnating  tank, 
covering  transformers  for  twenty  minutes.  Clos¬ 
ure  is  effected  under  immersion  (at  process  or 
room  temperature  as  specified),  then  trams 
formers  aure  removed  from  bath  for  seading.  And 
this  is  but  one  of  the  mamy  features  of  AmerTran's 
quadify  construction. 


TNI  AMUKAN  IRANSrORMIR  CO.,  17t  St.,  N«warii  S,  N.  J. 


AmirTran 


Pion««r  Monufoclur«rs  qI  Trontformtrtp  Rtoctort  ond 


R«<tiflers  for  EUcfronics  ond  Powor  TrontmlAtion 


Fig.  3 — Capacitance  meter  in  use.  show¬ 
ing  a  typical  arrangement  of  cables  for 
interelectrode  copocitance  meosurement 


overload  characteristic,  which  keeps 
the  meter  current  from  exceeding 
2,3  ma  for  any  value  of  input  volt¬ 
age.  The  range  selector  is  a  sin^c 
control  driving  the  attenuator  and 
the  divider  switches  which  are 
linked  by  a  gear  and  rack  drive. 

Calibration  of  attenuator  steps  is 
accomplished  by  supplying  voltages 
from  a  calibrated  source.  This 
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Two  recent 


SHAUCROSS 


ENGINEERING  DEVELOPMENTS 


This  convenient  No.  759  Kilovoltmeter 
incorporates  several  features  that 
make  it  ideal  for  either  portable  or 
fixed  general  use.  A  reversing  switch 
makes  it  unnecessary  to  change  the 
terminal  connections  should  polarity 
be  reversed.  The  built-in  meter  pro-^ 
vides  ±2%  accuracy  and  binding 
posts  are  provided  for  an  external 
meter  if  higher  accuracy  is  required. 
The  meter  multiplier  section  is  ad¬ 
justed  within  0.1%  so  that,  when 
required,  more  accurate  meters  may 
be  used  with  the  external  connection. 
This  also  permits  the  individual  taps 
of  the  multiplier  to  be  used  as  accurate 
high  resistance  standards. 


Mew! 

5-RANGE  PORTABLE 
KILOVOLTMETER 


2,  5, 10,  20  kileveitt  DC  at 
full  teal*. 


Mew! 

MEDIUM  RANGE 
MILLIOHMMETER 


six  scales:  0-0.5-1-5-10-50 
end  100  ohms  full  scale 


Milliohmmeter  No.  673-F  is  a  new 
addition  to  the  growing  group  of 
Shallcross  direct  reading  resistance 
measuring  test  sets.  Linear  scales 
eliminate  crowding  of  the  higher 
resistemce  values  at  one  end  of  the 
scale.  Six  scales  have  '  ranges  of 
0-0.5-1-5-10-50  and  100  ohms  full 
scale,  thus  bridging  the  gap  between 
the  regular  Shallcross  Milliohmmeters 
that  are  extensively  used  for  low 
resistance  testing  and  the  ordinary 
Ohmmeters  used  for  relatively  high 
resistance  measurements:  Separate 
connections  are  provided  for  current 
and  potential  to  minimize  the  effect  of 
lead  and  contact  resistance  when 
measuring  low  values.  The  instrument 
uses  a  single  #6  dry  cell  battery  car¬ 
ried  in  a  compartment. 


SHALLCROSS  MFC.  CO. 


•  “WeutufcictufieM 


measuring  voltage,  the  conductance 
error  is  lowered  to  a  negligible 
value. 

The  instrument  built  along  these 
lines  consists  of  a  power  supply, 
oscillator,  vacuum-tube  voltmeter, 
and  shielded  junction  block  with  as¬ 
sociated  tube  adapters.  The  power 
supply  unit  is  fed  by  a  voltage-reg¬ 
ulating  transformer  and  comprises 
separate  supplies  for  the  Vtvm  and 
oscillator. 

The  oscillator  is  a  crystal-con¬ 
trolled  Pierce  stage  driving  a  6L6 
amplifier,  part  of  whose  output  is 
fed  back  through  a  rectifier  to  pro¬ 
vide  automatic  amplitude  control. 
The  voltage  source  is  thus  stabilized 
against  line  voltage  changes,  fre¬ 
quency  drift,  and  output  voltage 
amplitude  variation  arising  from 
detuning  and  switching  of  load. 
The  output  of  the  oscillator  is  fed 
into  a  three-step  decade  attenuator 
which  then  feeds  the  voltage  to  the 
measuring  network. 


Details 


The  vtvm  is  a  high-gain,  three- 
stage  band-pass  amplifier,  the  in¬ 
put  of  which  contains  the  dividing 
elements  Ct  of  the  measuring  net¬ 
work.  This  amplifier  is  followed  by 
an  impedance-changing  tube  which 
drives  the  1-ma,  six-inch  indicating 
meter  through  a  rectifier.  Meter 
protection  is  provided  by  the  circuit 


DIPT.  E-9S,  COLLINGDALI,  PA. 
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ACRAWAX  C  has  an  axtftfliely 
melting  point  (280*F.),  and  k  also  jased^ 
false  the  melting  point  of  ocher  matectalB^i 
It  has  a  tendenqr  to  produce  aaaorpligci|| 
charaoeristics  in  its  blends.  Added  resfiii 
tanee  to  cold  6ew  k  also  imparted.  ^ 


ACRAWAX  C  is  insoinble  in  water,  im* 
parts  marfaed  water  resistance  and  salt 
spray  resistance  to  its  blends.  It  is  insol¬ 
uble  in  practically  all  solvmits  in  the  cold. 


ACRAWAX  C 

from  Glyco  Products  Co.,  Inc. 

26  Court  St.,  Brooklyn  2,  N.  Y.,  Dept.  G-9 


PBODUCTS 


Address. 
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method  has  two  primary  advan¬ 
tages;  first,  the  calibration  can  be 
made  against  a  single  accurate 
standard  of  capacitance,  thus  obvi¬ 
ating  the  need  for  extremely  low 
capacitance  standards  which  are 
difficult  to  obtain;  and  second,  the 
remaining  ranges  can  be  calibrated 
as  voltage  decades  from  the  first 
range.  The  procedure  includes  load¬ 
ing  the  fixed  divider  elements  with 
capacitance  of  the  order  of  magni¬ 
tude  of  that  introduced  by  tubes 
being  measured,  which  provides  a 
central  value  for  positive  and  neg¬ 
ative  errors,  thus  doubling  the 
value  of  tolerable  capacitance  to 
ground,  within  the  assigned  limits 
of  error. 

The  average  of  a  number  of  these 
instruments  has  indicated  that  lim¬ 
its  of  error  are  less  than  3  percent, 
a  part  of  which  might  be  attributed 
to  variations  in  shieldiiifg  rather 
than  to  absolute  error. 


has  fit 
day  yi 
lhrou<i 
Becau; 
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As  sp( 
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Special  Adapters 


The  standards  of  shielding  set 
by  the  Joint  Army-Navy  and  RMA 
committees  have  been  related  to  ex¬ 
ternal  tube  shields  and  their  rela¬ 
tionship  to  tube  elements.  The  var- 


Fig.  4 — Qo«e-up  Tiew  of  tho  bote  into 
which  socket  adopters  ore  plugged.  The 
porollel  bonks  of  receptacles  ore  used 
for  oscillator  and  Ttrm  connections 


ious  measuring  methods  used  have 
had  ipore  or  less  completely  shielded 
sockets  and  various  devices  for  the 
subtraction  of  residual  capaci¬ 
tances,  some  of  which  can  be  shown 
to  vary'  with  the  tube  in  and  out  of 


STANDARD  TRANSFORMER  CORPORATION 

1500  N.  HALSTED  STREET  •  CHICAGO  22,  ILLINOIS 
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Dmi  the  fire  yedrs  the  plastics  industry 
has  ijiotrn  by  leaps  and  hounds  so  that  to¬ 
day  you  pnd  plastics  hein^  used  extensirely 
throuifhout  practically  all  fields  of  business 
because  they  are  the  nwst  rersatile,  the  phen  ■ 
dies  are  the  most  tridely  used  of  all  plastics 
As  specialists  in  the  production  of  phenolics 
for  the  past  cpiarter  century.  Durez  makes  the 
natural  startimi  point  for  selectim)  the  plastic 
that  pts  your  job. 

Typical  of  thousands  of  progressive 
concerns  is  National  Fabricated  Pro¬ 
ducts — molders  of  the  octal  radio  tube 
sockets  illustrated.  This  company  is 
well  known  for  many  outstanding  con¬ 
tributions  to  the  communications  field 
and,  like  so  many  of  America’s  manu¬ 
facturers,  has  found  the  unusual  versa¬ 
tility  of  Durez  phenolic  molding  com¬ 
pounds  of  unusual  value  in  developing 
complex  products. 

Octal  Sockets 

For  example,  these  octal  sockets  vyere 


molded  from  a  high-dielectric  Durez 
compound  which  provides  a  high-vol¬ 
tage  breakdown  safety  factor  as  well 
as  excellent  tensile  strength  and  low 
moisture  absorption  under  humid  op¬ 
erating  conditions. 

Designed  to  use  a  minimum  amount 
of  chassis  space,  these  octal  sockets 
have  self-aligning  contacts  which  float 
in  the  molded  Durez  insulation  and 
provide  the  necessary  safeguards 
against  fracture  of  the  glass  seal  of  the 
radio  tube  resulting  from  possible  mis¬ 
alignment  of  tube  pins.  The  exact  tol¬ 
erances  and  superb  quality  of  the  fin¬ 
ished  products  attest  the  ingenious 
molding  job  done  by  National  Fabri¬ 
cated  Products  and  the  versatility  of 
the  Durez  phenolic  molding  compound 
used. 

Unusually  Versatile  Material 

Like  the  material  used  in  molding  these 
octal  sockets,  the  more  than  .^00  other 
Durez  molding  compounds  possess 


many  highly  desirable  inherent  char¬ 
acteristics  which  make  them  extremely 
valuable  to  the  imaginative  design  en¬ 
gineer.  Such  properties  as  dielectric 
strength,  excellent  moldability,  high¬ 
est  dimensional  stability,  and  resistance 
to  heat,  moisture,  and  chemicals — to 
mention  a  few — are  common  denom¬ 
inators  of  all  Durez  compounds  .  .  , 
make  the  logical  starting  point  in  the 
search  for  the  plastic  that  fits  your  job. 

Expert  Assistance  Available 

The  background  of  Durez  technicians 
includes  active  participation  in  the 
successful  development  of  many  and 
varied  products  on  a  scope  that  is  prac¬ 
tically  all-embracing. 

The  benefits  which  this  experience  and 
a  wealth  of  proved  product  develop¬ 
ment  data  can  provide  are  available  to 
you  and  your  custom  molder  towards 
helping  select  the  plastic  that  fits  your 
job.  Durez  Plastics  &  Chemicals,  Inc., 
329Walck  Road,  N.  Tonawanda,  N.Y. 


PLASTICS  THAT  FIT  THE  JOB 
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LINKING 
LABORATORY  PROCESSING 
AND  PRACTICAL 
LARGE  SCALE  MANUFACTURE 


National  Roioorch  Corp.  installa¬ 
tion  of  vacuum  diffusion  process 
dehydration  equipment  using  Kin¬ 
ney  Vacuum  Pumps  at  Old  Quaker. 
Penicillin  Plant,  Schenly  Distiller¬ 
ies,  Inc. 


Kinney  vacuum  pumps  have  brought  into  large  scale  production 
many  vital  products  that  only  yesterday  were  laboratory  curiosi¬ 
ties.  The  exceptional  performance  oi  these  pumps,  has,  in  fact,  per¬ 
mitted  the  entire  redesign  of  several  plants  to  give  much  greater  pro¬ 
duction  and  better  products.  Thousands  of  KINNEY  High  Vacuum 
Pumps  are  maintaining  the  low  absolute  pressures  required  in  making 
electronic  products,  in  sintering  alloy  metals,  coating  lenses,  producing 
blood  plasma  and  penicillin  and  aiding  the  production  oi  countless  other 
products.  Proved  and  dependable,  KINNEY  Single  Stage  Vacuum 
Pumps  maintain  low  absolute  pressures  to  10  microns;  KINNEY  Com¬ 
pound  Vacuum  Pumps  to  0.5  micron  or  better.  Write  for  information. 

KINNEY  MANUFACTURING  CO. 

3565  Washington  St.,  Boston  30,  Moss. 

New  York  •  Chicago  •  Philadelphia  •  San  Francisco  •  Los  Angeles 

We  also  manufacture  vacuum  valves,  liquid 
pumps,  clutches  and  bituminous  distributors. 


Fig.  5 — Specicd  socket  adapter  with 
shield  cmd  terminal  connector  lor  acorn 
tube 

two  inches  above  the  top  plate,  is 
less  than  0.00005  fi/if  when  the 
whole  is  shielded.  Interchanging  of 
adapters  does  not  affect  the  repro¬ 
ducibility  of  measurements. 

The  instrument  is^  readily  oper¬ 
ated,  the  controls  being  merely 
those  for  range  and  calibration. 
The  gain  of  the  vtvm  is  set,  with 
the  standard  in  place  of  the  un¬ 
known,  for  a  meter  reading  of  0.5. 
The  tube  elements  are  then  con¬ 
nected  so  that  the  unknown  capaci¬ 
tance  is  between  the  vtvm  and- os¬ 
cillator  circuits.  The  shield  is 
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the  socket.  These  sources  of  varia¬ 
tion  are  eliminated  by  use  of  an 
adapter  each  of  whose  contacts  is  in 
a  separate,  completely  shielded  com¬ 
partment.  A  set  of  such  adapters 
has  been  designed  as  part  of  the 
equipment. 

The  adapters  plug  into  a  uni¬ 
versal  shielded  socket,  having  all 
the  pin  contacts  carried  through 
shielded  chambers  to  a  series  of  re¬ 
ceptacles  mounted  on  an  inclined 
periphery  of  the  socket.  This  socket 
is  in  turn  mounted  upon  and 
shielded  from  a  casting  whose 
periphery  carries  two  banks  of 
parallel-connected  receptacles.  Each 
bank  is  shielded;  one  bank  con¬ 
nects  to  the  oscillator  and  the  other 
to  the  vtvm.  Patch  cords  between 
the  lower  banks  of  receptacles  and 
the  receptacles  in  the  socket  serve 
to  connect  the  tube  elements  into 
the  measuring  circuit  in  any  ar¬ 
rangement  required.  The  base  cast¬ 
ing  also  contains  a  50-/j./if  standard 
capacitor. 

The  efficacy  of  the  adapter 
shielding  is  shown  by  the  fact  that 
the  capacitance  between  any  un¬ 
used  contact  and  a  pin  plugged  into 
an  adjacent  contact,  and  projecting 
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CHANGES  DUE  TO  TmUPERATUi^ 
WITH  KEYSTONE  ”NTC"  UNITS 


Purely  Eiectricui  Method 
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For  AC  or  DC 
Lightweight,  compact 
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TO  BE  COMPENSATED 
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NOW  .  .  ,  EFnCIENT,  SIMPLE  COMPENSATION 
FOR  WIDE  VARIETY  OF  ELECTRICAL  DEVICES 

Modern  war  has  demonstrated  that  the  extremes  of  world 
climate  are  only  hours  away  . .  .  has  clearly  indicated  the 
expanded  temperature  range  over  which  many  precision  elec¬ 
trical  devices  must  operate  if  they  ore  to  meet  the  demands  of 
the  future. 

The  inherent  positive  temperature  coefficient  of  copper  (and 
many  other  pure  metals)  results  in  large  variations  in  current 
flow  and  voltage  drop  in  windings  and  conductors  when  the 
temperature  range  is  great.  If  uncompensated,  wide-tolerance 
performance  is  probable.  If  the  percentage  resistance  change 
is  minimized  by  adding  large  amounts  of  low-coefficient  re¬ 
sistance,  low  efficiency  and  drastic  limitation  of  available 
power  are  inevitable. 

Because  they  have  a  large  negative  temperature  coefficient, 
there  need  be  only  a  moderate  increase  in  circuit  resistance 
when  Keystone  "NTC"  units  are  used.  The  remarkable  effec¬ 
tiveness  and  simplicity  of  this  method  are  evident  from  the 
typical  problem  and  its  solution  illustrated  at  the  left. 

The  experience  of  our  customers  indicates  that  Keystone  "NTC" 
compensation  can  help  moke  better-performing,  more-sales- 
worthy  indicating  and  recording  devices,  meters,  relays,  con¬ 
trol  systems  and  many  other  electrical  devices  and  components 
.  .  .  economically.  Why  not  let  us  tell  you  more  about  them — 
and  put  us  to  work  on  your  problem?  Write  now — no  obligation. 


60  -40  n  0  ‘X  -40  -60  -SO  -IX  -IX  -140  -ISO 
TEMPERATURE  DEG  C 


A  wMe  range  of  temperature  coeffieiairts. 
•‘Mistance  values,  sizes,  shapes  and  watt¬ 
age  ratings  are  available. 


Keystone  "NTC”  units  are  thermal  resistors  ol  special  composition  (not 
carbonL  developed  and  manufactured  by  Keystone,  and  extensively 
used  for  temperature  compensation,  temperature  measurement  and 
control,  time  delay  and  other  applications. 


KEYSTONE  CARBON  COMPANY,  INC. 

ST.  MARYS . PENNSYLVANIA 
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WIRE  COMPANY,  me 


We  are  busy  as  ever,  producing 
scientific  communications  wire  for  our 
Armed  Forces  .  .  .  concentrating  upon 
VICTORYI  However,  things  are  looking 
up.  Soon,  we  hope,  you'll  be  able  to 
gaze  possessively  upon  these  familiar 
CORWICO  units,  and  put  them  to  work 
once  more  on  civilian  jobs. 


PRODUCTION  TESTER  (contlnwd) 

grounded  or  connected  to  cathode, 
as  required  by  the  applicable  test 
speciAcation. 

The  capacitance  between  the  tube 
elements  being  measured  is  the 
product  of  the  meter  reading  and 
the  multiplier  dial  setting.  In  the 
event  that  any  of  the  readings  fall 
upon  the  low  end  of  the  scale  and 
greater  accuracy  is  required,  the 
range  of  the  instrument  can  be  var¬ 
ied  by  changing  the  calibration 
point;  that  is,  calibrating  at  1.0  in¬ 
stead  of  at  0.5  provides  full  scale 
ranges  of  50,  5,  0.5,  0.05,  and  0.005 
/A/if;  calibration  at  0.25  provides 
full  scale  ranges  of  200,  20,  2.0,  0.2, 
and  0.02  /t/if.  For  production  test¬ 
ing,  other  points  of  calibration  may 
be  selected  so  that  the  limits  of 
measurement  fall  on  a  single  scale 
for  one  range  setting. 

The  assistance  of  Mr.  Niles 
Gowell,  of  the  Raytheon  Manufac¬ 
turing  Company,  has  made  this 
project  possible. 
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Controlling  Activation 
Schedules  At  Exhaust 

By  M.  Silverman, 

Production  Manager, 
Cathode-ray  Tube  Division 

North  American  Philips  Company,  Inc. 

Dobbs  Ferry,  N.  Y. 

Engineers  seem  to  have  a  habit  of 
changing  schedules — and  this  can 
at  times  become  very  troublesome 
to  those  charged  with  the  problem 
of  maintaining  maximum  produc¬ 
tion. 

After  two  years  of  experimenta¬ 
tion  in  our  exhaust  department,  a 
standard  activation  schedule  was 
evolved.  With  only  slight  varia¬ 
tions,  this  system  is  applicable  to 
hlmost  every  type  of  cathode-ray 
tube  produced.  Table  I  shows  the 
basic  schedule  that  was  adopted. 

Engineers  of  Philips  and  Tork 
Clock  Company  collaborated  to  de¬ 
sign  and  build  a  timer  using  a  syn- 
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Weigh  a  lot  less ! 

Less  subject  to 
breakage ! 

Adaptable  to  any 
mounting  style ! 


TAP  ’EM 
ANYWHERE  I 

If  desired,  many  types 
ofB&  W  Air  Inductors 
can  be  supplied  with 
every  turn  indented  as 
illustrated.  This  per* 
mits  quick,  easy  tap¬ 
ping  at  any  point! 


ir  INDUCTORS 


ALL  SHAPES-ALL 


In  the  ten  years  since  B  &  W 
discarded  conventional  winding 
forms  and  started  winding  many 
types  of  coils  **on  air”,  these  unique 
induaors  have  proved  their  marked 
superiority  for  a  wide  variety  of 
equipment,  AIR  INDUCTORS 
weigh  much  less— are  infinitely 
more  adaptable  to  difficult  design 


and  mounting  specifications.  Un> , 
excelled  for  plug>in  services,  there 
is  little  about  them  to  break— and, 
if  desired,  they  can  be  protected 
from  rough  services  with  bumper 
rings.  Dielectric  loss  is  excep¬ 
tionally  low— and  they  can  be 
wound  to  an  exacting,  uniform 
pitch.  Tell  us  your  coil  needs  ! 


BARKER  &  WILLIAMSON 


DEPT.  E-9S,  235  FAIRFIELD  AVE.,  UPPER  DARBY,  PA. 


Export;  LINDETEVES,  INC.,  10  Rockefeller  Plaza,  New  York,  N.Y.,  U.S.A. 


chronous  motor  driving  five  discs. 
Each  disc  has  60  slots  around  the 
periphery  and  each  slot  represents 
20  seconds  of  time.  Two  rods  can 

TABLE  I— EXHAUST  SCHEDULE 
OPERATION 


1  Place  tube  in  compression  fittinq. 

2  Open  pump  at  stop-cock. 

3  Check  for  leaks. 

4  Liqht  oven. 

5  After  tubes  have  cleared  of  color,  turn  on 
aspirator  switch  and  lower  oven. 

6  Bake  for  35  minutes  at  400  C.  At  end  of  this 
period,  manifold  should  ba  clear. 

7  Raise  oven  half  way  and  shut  off  gas. 

8  Bombard  mount  to  dull  red.  Go  over  twice, 
and  pause  between  tubes. 

9  Light  heaters  at  8v — 1  minutas. 

to  Light  heaters  at  9v— 4  minutes. 

1 1  Ll^ht  heaters  at  lO^/zv  —  3  minutas  —  bombard 
grids. 

12  Connect  all  elements  except  heater  and 
cathode  to  d-c  and  slowly  raise  potential  to 
50v— 4  minutes. 

13  Lower  heater  voltage  to  9v;  lower  d-c  to  lOv 
and  flash  getters  5  minutes. 

14  Tip  off. 


NOTE:  Timer  controls  steps  8  to  13  on  above 
schedule. 


be  inserted  in  the  slots  of  each  disc. 
The  shorter  rod  snaps  a  spring- 
activated  switch  to  the  on  position 
and  the  longer  rod  turns  the  switch 
off.  By  correctly  positioning  the 
rods,  it  is  possible,  in  one  revolu¬ 
tion,  to  open  and  close  five  circuits 
in  any  desired  sequence  using  any 
chosen  time  intervals. 

The  complete  circuit  is  shown  in 
Fig.  1.  Here  is  the  way  the  timer 
works  on  a  typical  exhaust  position. 

Step  1 — Switch  1  is  closed  man¬ 
ually.  This  starts  the  motor  and 


FIG.  1 — Circuit  diagram  ol  automatic 
exhaust  schedule  timer 

lights  the  tube  heaters.  Current 
passes  through  two  variable  re¬ 
sistors  in  the  primary,  each  ad¬ 
justed  to  lower  the  heater  yoltage 
by  some  set  value.  The  initial  volt¬ 
age  on  heaters  is  adjusted  by  a  re- 
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Don't  send  a  jeep  on  a  tractor-  spool  or  hank  of  wire  (in  alloy  or  st 

trailer  job  or  attempt  to  use  "almost"  is  exacting  in  size,  tensile  streni 

the  right  wire.  Spencer's  constant  con-  physical  and  chemical  reqoiremeni 

trol  system  guarantees  that  each  coil.  Write  today  for  complete  informat 

BERYLLIUM-COPPER,  PHOSPHOR  BRONZE,  NICKEL,  HIGH  CARBON 
AND  STAINLESS  STEEL  WIRE  IN  SIZES  FROM  .001"  TO  .050" 


CONSULT  SPENCER  FOR 
EXACTNESS  IN  WIRE. 


E  R  WIRE  C  O  I 

WEST  BROOKFIELD  PLANT 

WEST  BROOKFIELD  •  MASS 
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sistor  in  the  secondary  circuit. 

Step  2 — Switch  2  is  closed.  This 
shorts  out  resistor  Ri  and  raises 
the  heater  voltage  by  one  volt. 

Step  3 — Switch  3  is  closed,  short¬ 
ing  out  resistor  R.,  raising  the 
heater  voltage  li  volts. 

Step  4 — Switch  5  closes  and  50 
volts  d-c  is  applied  to  grid  and 
anodes. 

Step  5 — Switch  4  closes.  This 
has  no  immediate  effect  since  re¬ 
sistor  is  shorted  out  by  switch  5. 

Step  6 — Switches  3  and  5  open. 
This  throws  in  resistor  R^  (which 
drops  the  d-c  voltage  to  10  volts) 
and  resistor  R2  which  returns  the 
heater  voltage  to  9  volts. 

Step  7 — Switches  1,  2,  and  4  open, 
turning  everything  off. 


Empty  Sockets 

The  heaters  of  tubes  being  ex¬ 
hausted  are  connected  in  parallel. 
If  the  number  of  tubes  in  each  run 
is  the  same,  the  current  drain  will 
not  vary  significantly  from  load  to 


It’s  simpler,  faster  to  get  your  transformer  needs  from 
this  one  central  source.  Here,  under  one  roof,  are  all 
the  leading  makes,  in  all  the  wanted  types: 


Thordarson 

Stancor 

Sola 

Gonoral  Radio 
UTC 

Superior 
Merit  Coil 
Knight 
Gonoral 
Transformer 
Acme 

Pioneer  Electric 
Crest 


Power  •  Adjustable  •  Voltage  Regulating 
Step-up  and  Step-down  •  Plate  and  Filament 
Audio  Input  •  Interstage  and  Output  •  Modulation 
Driver  •  Microphone,  Line  and  Mixing  Transformers 
Filter  and  Swinging  Chokes  •  Audio  Reactors 
Fluorescent  Lighting  Ballasts 

Large  and  varied  stocks  are  maintained  for  rush 
service.  Close  contact  with  manufacturers  expedites 
procurement.  This  complete  service  saves  time  and 
work.  That’s  why  thousands  call  ALLIED  First! 

WRITE,  WIRE,  OR  PHONE  HAY  MARKET  6800 
for  Everything  in  Radio  and  Electronics 


FIG.  2 — Automatic  timer  designed  to 
switch  five  circuits  to  permit  wide 
choice  of  sequence  and  time  interrals 


load.  When  runs  vary,  resistors 
(having  the  same  resistance  as  the 
hot  heater)  are  connected  in  place 
of  missing  tubes.  This  maintains 
identical  load  conditions. 

Resistors  Rx  and  R^  are  adjusted 
to  produce  1  and  li-volt  drops,  re¬ 
spectively,  in  the  secondary.  Thus, 
once  the  starting  voltage  is  set,  the 
timer  will  increase  heater  voltage 
in  1  and  li-volt  steps.  Resistor  Rz 
is  set  to  cause  a  40-volt  d-c  drop. 

The  timer  has  been  in  successful 


833  W.  Jackson  Blvd. 


Chicago  7,  Illinois 


SUPniERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
Electronic  Tubes,  Rectifiers,  Power  Supplies,  Intercommunicating  Systems,  Sound  Systems,  Photo-Cell  Equip¬ 
ment,  Batteries,  Chargers,  Converters,  Generators,  Supplies  for  Resistance  Welders,  Fuses,  Test  Instruments, 
Meters,  Broadcast  Station  Equipment,  Relays,  Condensers,  CapKitors,  Resistors,  Rheostats,  Transformers, 
Switches,  Coaxial  Cable,  Wire,  Soldering  Irons,  Microphones,  Speakers,  Technical  Books,  etc. 
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Build  longer  life,  better  per¬ 
formance,  into  your  -  products 
...  for  war  or  peace  . .  .  with 


CONTROLLING  ACTIVATION 


(continuad) 


operation  for  a  period  of  18  months. 
Time  intervals  are  accurate  to 
within  10  seconds  and  potentials  to 
within  i  volt.  Maintenance  has  been 
negligible — only  simple,  minor  re¬ 
pairs  have  been  necessary. 


Balls  for  Bearings  Sorted 
by  Electronic  Gage 

Balls  for  ball  bearings  are 
automatically  sorted  into  groups 
differing  only  ten  millionths  of  an 
inch  in  diameter  by  the  machine 
shown  in  the  illustration.  The 
operation  is  simple  and  consists  of 
filling  the  Plexiglass  hopper  and 
removing  the  sorted  balls  a  few 
seconds  later. 

Commercial  balls  are  used  which 
have  already  been  graded  to  a  toler- 


PRODUCTS 


—  big  in  their  importance 
to  the  manufacture  of  pre¬ 
cision  instruments,  for 
they  are  the  almost  in/ini- 
tesimal  screws  that  are 
used  in  the  assemblies  of 
many  of  the  world’s  finest 
mechanical  masterpieces. 


Right  now,  your  first  problem  may  be  to 
meet  rigid  Army-Navy  specifications  in 
your  electrical  equipment.  But  as  you 
turn  to  peacetime  production,  competition 
will  have  the  same  effect  on  quality 
standards  as  tough  battle  conditions. 

Be  prepared  to  build  longer  life,  better 
performance  into  your  peacetime  as  well 
as  wartime  product.  You  ran— with  Sperti 
Hermetic  Seals.  Rugged.  Dependable. 
Proved  in  such  vital  war  products  as 
meters,  transformers,  condensers,  relays, 
vibrators. 

Sperti’s  advanced  manufacturing  meth¬ 
ods  plus  exhaustive  tests  and  inspections 
not  only  mean  a  better  product  for  you 
. . .  but  also  save  production  delays,  costly 
rejections. 

WRITE,  TODAY.  Get  the  facts.  Let 
us  show  you  both  the  wartime  and  peace¬ 
time  applications  and  advantages  of  Sperti 
Hermetic  Seals.  “ 


For  more  than  half  a  cen¬ 
tury  Waltham  has  special¬ 
ized  in  the  production  of 
precision  screws.  Its  plant 
and  equipment  have  steadi¬ 
ly  modernized  and  ex¬ 
panded  to  meet  the  de¬ 
mands  of  every  period  of 
business  development  and 
the  exacting  needs  of  three 
wars. 


Complete  equipment  ol  the  ball-iortinq 
gage  developed  by  Jack  and  Heintz 
engineers 


ance  of  1/20,000  inch  and  the 
instrument  sorts  them  into  groups 
five  times  more  accurate.  As  many 
as  ten  size  selections  can  be  made. 
One  operator  can  handle  four 
machines  easily  ajid  these  sort^ 
more  balls  than  32  skilled  operators 
can  do  with  conventional  measur¬ 
ing  equipment.  The  unit  was  de¬ 
veloped  by  the  electronics  depart¬ 
ment  of  Jack  and  Heintz,  Inc.  of 
Cleveland,  Ohio,  to  help  speed  pro¬ 
duction  of  aircraft  accessories. 


Waltham  is  tooled  to  pro¬ 
duce  fine  screw  machine 
products  for  a  million  uses 
—  any  thread,  material  or 
finish  —  any  type  head, 
from  1/64"  to  1%"  diame¬ 
ter. 


HERE’S  WHY  LEADING  MANUFACTURERS 
CHOOSE  SPERTI  HERMETIC  SEALS 


•  Seal  out  dust,  fungus,  salt  spray,  sand 
atmosphere  at  high  altitudes,  etc. 

•  Will  add  longer  life  to  a  product. 

•  Will  help  reduce  operational  troubles. 

•  Are  one-piece,  rugged  units.  Easily  sold- 
ered-in  at  less  expense. 


America’s  Outstanding  Producers 
of  Fine  Instrument  Screws 

Send  for  catalogue  for  complete  data 


Electronic  Swallow  Counter 

Development  of  the  tympanom- 
eter  by  the  Westinghouse  Research 
Laboratories,  to  determine  the  ease 
or  difficulty  of  compensation  of  a 
flier  for  changes  in  altitude  by  ac¬ 
curately  counting  his  swallows,  has 
obviated  the  necessity  of  the  physi- 
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SUPER.QUALITY  COILS  AT  REASONABLE  PRICES 

More  and  more  every  day,  the  industry  is  turning  to  Albion 
for  fast,  quality  and  quantity  production  of  coils,  chokes, 
and  transformers.  That’s  because  here  you  benefit  from 
the  unbeatable  combination  of  management  "know  how,” 
skilled  workmanship,  streamlined  facilities,  and  central 
location.  Your  requirements  will  be  given  prompt  and 
thoughtful  attention. 
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ALBION 

Hli  wttim  illi  III 

COIL  COMPANY 

ALBION,  ILLINOIS 

R.  F.  AND  TRANSMITTING  COILS  AND  CHOKES; 
I.  F.  TRANSFORMERS 


DEGREE 


THE  SILLCOCKS-MILLER  CO 

10  West  Parker  Avenue,  Maplewood,  N  J 
Mailing  Address:  South  Orange,  N.  J. 


ELECTRONIC  COUNTER 
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cian  remaining  in  the  high-altitude 
chamber  during  a  teat. 

The  instrument  is  constructed  in 
the  form  of  oversize  earphones  that 
clamp  over  the  flier’s  head,  an  ear¬ 
piece  over  each  ear,  and  the  swal¬ 
lows  are  automatically  registered 
and  recorded  on  a  chart  outside  the 
chamber. 

Each  earphone  contains  a  micro- 
wave  transmitter  with  a  short  an¬ 
tenna.  Fluid-fllled  chambers  placed 
against  each  ear  drum  of  the  sub¬ 
ject  transmit  the  pressure  caused 


PRECISION-MADE 
TO  YOUR  EXACT 
SPECIFICATIONS 


AREA  OF 
DISTRIBUTION 


The  new  amazing  Altec 
Lansing  multi-cellular  Du¬ 
plex  Speaker  provides  up 
to  800%  increased  area 
of  quality  sound  distribu¬ 
tion.  In  the  vertical  plane, 
the  Duplex  delivers  a  forty 
degree  angle  of  distri¬ 
bution,  or  eight  times  the 
area  distribution  at  high 
frequencies  as  compared 
to  single  unit  speakers  of 
comparable  size.  Another 
reason  why  the  DUPLEX  is 
the  SPEAKER  that  REVO¬ 
LUTIONIZES  the  methods 
of  sound  REPRODUCTION. 


The  microwave  transmitter  and  acces¬ 
sories  of  the  tympanometer  for  checking 
airworthiness  of  prospective  fliers  by 
counting  his  swallows 


by  a  swallow  to  a  diaphragm  in  the 
earphone.  Movement  of  a  pin  at¬ 
tached  to  the  diaphragm  produces  a 
peak  in  the  output  wave  of  the 
transmitter.  Because  the  walls  of 
high-altitude  the  chamber  are 
metal,  the  receiving  antenna  is 
strung  inside  and  the  received  sig¬ 
nals  are  carried  by  a  coaxial  cable 
to  the  recording  apparatus  outside. 

Both  voluntary  and  involuntary 
compensations  as  related  to  move¬ 
ment  of  the  ear  drum  and  the  rate 
of  response  of  these  to  outside  pres¬ 
sure  variations  are  shown  by  the 
tympanometer.  Graphs  of  the  num¬ 
ber  of  swallows,  plotted  against 
altitude  or  pressure,  are  made  for 
use  by  the  doctor  without  his  pres¬ 
ence  in  the  chamber  being  neces¬ 
sary. 


Here  is  a  dependable  source 
for  quality  special  parts  or 
products  fabricated  from  plas¬ 
tic  sheets,  tubes  and  rods.  No 
matter  how  complicated  your 
requirements  may  be,  you 
can  count  on  Sillcocks-Miller 
specialists  to  deliver  accurate 
work  to  meet  your  most  ex¬ 
acting  specifications.  You'll 
find  it  costs  you  less  to  pay  a 
little  more  for  Sillcocks-Miller 
quality. 


SEND  FOR  BULLETINS 


Write  ter  Illustrated  Booklet 
describing  helpful  4-way  service 


Photo  Timer  for 
Time-Motion  Study 

An  electronic  sequence  timer 
that  is  now  being  used  to  study 
rupturing  propeller  blades  may  And 


LANSING  COGPOGATION 


1210  TAFT  BLDG.,  HOLLYWOOD  28,  CALIF. 
2S0  WEST  57  STREET.  NEW  YORK  19,  N.  Y- 
IN  CANADAi  NORTHERN  ELECTRIC  Ca 


Specialists  in  High  Quality^  Precision- 
Made  Plastics  Fabricated  for  CommerdAf 
Technical  and  Industrial  RequiremOidt 
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MICA  CERAMIC  9 

insulation; 


One  of  several  batteries  of  precision 
presses  for  injection  and  compression 
molding  Mykroy.  Here  ore  produced  a 
lorge  percentage  of  all  molded  mica  ce¬ 
ramic  parts  required  for  the  war  effort. 


from 

ELECTRONIC  MECHANICS...Largest 
Manufacturer  and  Fabricator  of 


In  this,  the  largest  exclusive  mico  ceramic 
fabricating  plant  in  the  world,  AAykroy  is 
machined  to  customer's  specifications  on 
rapid  delivery  schedules.  Mykroy  can  be 
shoped  to  extremely  close  tolerances. 


Glass  Bonded  Mica  Insulation 

IT  IS  now  recognized  by  leading  engineers  and  manufacturers  that 
■  Mykroy  .  .  .  the  perfected  Glass-Bonded  Mica  Ceramic,  is  one  of 
the  best  and  most  usable  insulating  materials  yet  developed  for  gen¬ 
eral  and  high  frequency  applications.  They  also  know  that  Electronic 
Mechanics,  exclusive  manufacturer  and  fabricator  of  Mykroy,  is  a 
very  dependable  source  of  supply.  Whether  it  is  required  in  sheets — 
rods — machined  or  molded  to  specifications,  Mykroy  is  delivered 
on  time! 

Mykroy  speaks  for  itself.  Although  there  are  several  brands  of 
Glass-Bonded  Mica  Insulation  there  is  a  vast  difference  between  them. 
Exacting  tests  conducted  by  independent  testing  laboratories  and 
government  agencies  on  samples  of  Mykroy  picked  at  random  from 
production  runs  have  proved  its  superiority.  (Meets  L4  specifications 
and  is  approved  for  Army  and  Navy  equipment.)  That  is  why  Mykroy 
outsells  all  other  brands  combinedi 

Electronic  Mechanics,  now  in  its  tenth  year,  is  a  company  of 
nationally  known  electronic  engineers,  who  have  specialized  in  re¬ 
search  devoted  entirely  to  improving  the  formulas  and  methods  of 
processing  Mykroy  ...  to  perfecting  this  extensively  used  high 
frequency  insulation. 

The  stability  of  Mykroy  and  the  company  behind  it  are  your 
positive  assurance  of  superior  insulation  and  dependable  deliveries. 
If  you  have  used  Mica  Ceramic  Insulation  and  need  more,  send  us 
your  order.  We’ll  take  care  of  It  promptly.  If  it’s  new  to  you,  write 
for  a  sample  and  a  complete  set  of  Mykroy  Engineering  bulletins. 


The  largest  sheets  of  mica  ceramic  insula¬ 
tion  avoilable  (19%  x  29%)  made  only  by 
Electronic  Mechanics,  ore  produced  in  this 
firing  kiln  followed  by  12  to  36  hour 
annealing  in  the  Lehr.  This  removes  all 
internal  stresses*  and  strains  in  the  sheets 
assuring  great  physical  stability. 
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RICHARDSON  COMPANY 


PHOTO  TIMER 


use  in  industry  for  time-motion 
studies  of  extremely  high-speed, 
subjects.  The  unit  was  originally 
developed  by  photographic  engi¬ 
neers  of  the  Air  Technical  Service 
Command  at  Wright  Field,  as  a 
means  of  studying  the  effects  of 
gunfire  on  armor  plating.  It  per¬ 
mits  taking  six  photographs  of  a 
0.50  caliber  bullet  while  it  moves 
half  its  own  length. 

The  timer  synchronizes  six 
microfiash  lamps  so  that  they  may 
be  fired  either  in  train  or  simul¬ 
taneously.  This  is  accomplished  by 
utilizing  linear  charging  of  a 
capacitor  through  a  pentode  tube. 
The  voltage  rise  across  the  capaci¬ 
tor  is  applied  to  six  amplifiers 
which  are  arranged  to  have  pro¬ 
gressively  decreased  sensitivity. 
As  the  voltage  rises,  each  ampli¬ 
fier  is  tripped  in  turn  and  the  lamp 
to  which  it  is  connected  is  flashed. 

This  enables  timing  of  pictures 
exactly,  for  by  setting  dials  the 
operator  can  space  the  six  lamps 
so  that  it  takes  0.6  second  for  all 
six  pictures,  the  slowest  rate,  or 
as  little  as  0.0003  second  at  highest 
speed. 


This  tiny  gear  of  Molded  INSUROK  is 
the  "heart”  of.  a  McGill  Levolier  switch. 
Molded  to  precision  tolerances,  it  oper¬ 
ates  the  ratchet  device  which  makes  and 
breaks  the  electrical  circuit.  Here  pre¬ 
cision,  insulation,  and  durability  are  of 
the  utmost  importance. 

McGill’s  many  years  of  successful  ex¬ 
perience  with  INSUROK  brought  about 
a  complete  redesigning  program  when 
brass  became  unavailable.  Through  the 
proper  use  of  precision  INSUROK— 
Molded  and  Laminated — McGill  has  de¬ 
veloped  switches  of  greater  simplicity, 
compactness,  ease  of  assembly  and  longer 
service  life — not  only  for  today,  but  for 
"tomorrow”  as  well. 

You  may  find,  as  McGill  has  found,  that 
to  redesign  with  INSUROK  Precision 
Plastics  will  improve  your  product. 
INSUROK — Laminated  and  Molded — is 
available  in  a  wide  variety  of  grades  and 
types.  Richardson  Plasticians  will  be  glad 
to  help  you  select  the  type  best  suited  to 
your  needs.  Write  today  for  information. 


Increased  Range 

The  photographic  engineering 
branch  of  the  ATSC  laboratory  re¬ 
ceived  six  of  the  first  microfiash 
lamps  ever  built  about  a  year  ago. 
They  were  a  development  of  Harold 
E.  Edgerton  of  MIT.  By  conserva¬ 
tive  measurement,  each  lamp  flashes 
in  approximately  0.000002  second. 
They  were  built  originally  for  work 
with  small,  high-speed  parts  at 
ranges  of  six  to  eight  feet  but 
ATSC  photo  engineers  increased 
the  range  to  40  to  50  feet  by  using 
x-ray  film,  an  //2.5  night  aerial 
camera  lens  and  concentrated  de¬ 
veloper. 

Taking  pictures  with  the  micro¬ 
fiash  units  consists  of  opening  the 
camera  shutter  in  darkness,  flash¬ 
ing  the  lamps  and  closing  the 
shutter.  The  lamps  may  be  trig¬ 
gered  either  by  sounds  which  react 
in  microphones,  by  electrical 
impulse  transmitted  by  electrical 
circuits,  such  as  in  propeller  rup¬ 
ture  studies  where  the  exact 
moment  of  rupture  cannot  be  pre¬ 
determined,  or  by  light  reacting 
on  a  photo  tube. 
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The  excellence  and  consistent  quality  of  Master  Audiodiscs  gained  wide  acceptance  for 
them  prior  to  the  war.  Now,  the  demand  for  these  recording  blanks,  from  which  press* 
ings  are  made,  has  increased  more  than  fourfold.  And  here  are  a  few  of  the  reasons: 


but 
eased 
iising 
lerial 
i  de- 


1 .  They  give  fine  results  with  either  the  gold  sputtering  or  silvering  process. 

2.  Like  regular  Audiodiscs,  the  thread  throws  well,  and  there  is  no  annoying  static. 

3.  Cut  under  good  recording  conditions  there  is  no  audible  "background  scratch". 

4.  It  is  easy  to  ship  them  safely  from  recording  studio  to  processor. 

5.  Especially  important— there  is  no  increase  in  surface  noise  from  recording  time 
to  processing— be  it  a  few  minutes  or  many  months. 
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Master  AUDIODISCS  are  manufactured  in  three  sizes  on  stretcher  leveled  No.  2 
aluminum  recording  sheet— 12",  13’A"  and  1714"  for  10",  12"  and  16"  pressings. 


AUDIO  DEVICES,  INC 


NEW  YORK  22,  N.  Y. 


444  MADISON  AVENUE 
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pentode  tube  and  is  of  the  usual 
design.  The  gain  is  continuously 
variable  by  means  of  the  input  po¬ 
tentiometer  G  and  has  a  maximum 
value  of  about  400.  Response  is 
essentially  flat  from  50  to  10,000 
cps  and  waveforms  of  only  0.1  volt 
can  be  easily  examined.  A  separate 
attenuator  is  provided  to  reduce 
signals  which  are  too  large  for 
direct  application  to  the  deflector 
plates. 

The  instrument  is  designed  for 
operation  from  a  12-volt  battery 
and  contains  an  internal  vibrator. 
The  total  power  consumption  is 
then  16  watts,  the  same  as  when 
the  a-c  line  is  used.  This  provision 
of  battery  operation  makes  the 
equipment  versatile  for  industrial 
applications,  in  the  field,  aircraft, 
and  small  boats.  For  many  wartime 
applications  the  Miniscope  has 
proved  invaluable. 

High  voltage  is  obtained  from 
prove  to  be  insufficient  for  the  high  metal  rectifiers  in  a  voltage¬ 

writing  speeds  involved.  The  sensi¬ 
tivity  of  the  X  plates  is  4.0  volts/ 

mm  and  the  Y  plates  4.5  volts/mm.  f  ' 

The  input  capacitances  are  about  . 

20  fifif  and  the  input  resistances 
3.3  megohms.  ^ 

The  circuit  provides  a  time  base  [  I 

with  a  frequency  range  of  20  to  i 

25,000  cps  for  the  linear  horizontal  /  a 

sweep.  Synchronization  may  be  de-  • 

rived  from  either  the  observed  sig-  V 

nal,  the  a-c  line,  or  any  other  ex-  f  ,  ^  I 

ternal  source.  — ^ 


TUBES  AT  WORK 


Midget  CRO  for  Mamtencmce  Technicians. . . . 

VHF  Omnidirectional  Radio  Ranges .  . 

Use  of  Shunt  Diode  for  Supplying  Bios  Voltage 
Popular  Radar  Tube  Made  in  America . 


Midget  CRO  for  Maintenance  Technicians 

Features  of  a  midget  oscilloscope 
developed  in  England  provide  the 
kind  of  operation  that  appeals  to 
men  who  are  called  upon  to  service 
industrial  electronic  equipment  in 
several  plants,  each  having  a  dif¬ 
ferent  power-line  voltage  or  fre¬ 
quency.  In  addition,  the  instrument 
may  be  operated  in  the  field,  on  air¬ 
craft,  or  on  small  boats  by  the  use 
of  a  12-volt  battery.  Total  power 
consumption  is  only  15  watts 
whether  battery  or  line  operated. 

The  instrument  contains  a  li-in. 
cathode-ray  tube,  linear  time  base, 
signal  amplifier,  and  power  supply 
and  is  called  the  Miniscope  by  Gen¬ 
eral  Electric  Ltd.  The  complete 
schematic  of  the  unit  is  shown  in 
Fig.  1. 

The  focal  properties  of  the  small 
tube  are  reported  excellent  and  give 
good  definition.  Brilliance  and 
focusing  controls  are  provided  and 
external  signals  may  be  applied  to 
the  grid  of  the  tube  for  intensity 
modulation.  Direct  access  to  the 
X  and  Y  plates  is  also  possible.  Bril¬ 
liance  modulation  is  very  useful  in 
the  examination  of  transients,  when 
normal  brightness  obtainable  would 


Midget  controls  and  a  IV^-in.  c-r  tube 
permit  the  Miniscope  panel  to  be  only 
two  inches  wide 


Vertical  Amplifier 

The  single-stage  resistance-capac¬ 
itance  coupled  amplifier  uses  a 


Compact  construction  of  the  Miniscope. 
The  rear  panel  contains  the  input  jacks 
and  a  socket  for  the  yibrator 


doubler  circuit  and  a  single  source 
is  used  for  the  cathode-ray  tube, 
time  base  and  amplifier,  resulting 
in  a  great  saving  of  weight. 

The  internal  construction  of  the 
instrument  is  shown. 

A  socket  on  the  top  of  the  case 
makes  the  A  and  B  supplies  avail¬ 
able  from  the  power  pack  to  operate 
small  external  units  which  may  be 
designed  to  fit  on  top  of  the  instru¬ 
ment.  This  idea  of  providing  small 
plug-in  units  for  particular  require¬ 
ments  is  analogous  to  the  inter¬ 
changeable  lenses  of  miniature 
cameras  and  enables  the  oscilloscope 
to  be  adapted  for  a  vast  range  of 
uses. 

Another  attachment  is  a  green 


SIGNAL  FREQ<OUT 


SIGNAL  SYN 

GAM  E  OUT  ATTEN.  IN 


I  “^EXTERNAL 
loV  PLUG-IN 
hTlNUNITS 


Fig.  1 — Complete  circuit  of  the  minioture  oscilloscope.  ProTi^n  is  mode  for  opero- 
tion  from  o  230-t.  SO-cycle  line,  180-t,  SOO-Tolt  line,  or  a  12-t  battery 
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Litton  Molube  (Molecular  Lubricant),  a  highly 
refined  vapor  pump  medium,  from  carefully 
selected  petroleum  base,  with  high  stability  and 
extremely  low  vapor  pressure,  is  now  available 
in  unlimited  quantities  for  immediate  delivery  at 
prices  that  revise  former  operational  economy. 

Molube  will  operate  advantageously  in 
practically  all  equipment  designed  for  organic 
media.  Its  complete  sorption  by  activated  char- 
coal.makes  it  ideal  for  the  attainment  of  ultimate 
vacuum,  but  it  is  equally  adapted  to  ultra  speed 
dynamic  systems. 

Literature  on  Litton  Molube,  High  Vacuum 
Pumps  and  auxiliaries— glass  working  fires  and 
machines,  and  accessories— metal  glass  seals  and 
special  products  available  on  request. 


For  Twelve  Years  the 
Standard  of  the  Industry 


REDWOOD  CITY,  CALIFORNIA,  U.  S.  A 
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CRO  FOR  TECHNICIANS  (continued) 


filter  fitted  in  front  of  the  screen. 
This  filter  renders  the  trace,  also 
green,  much  more  easily  seen  in 
daylight,  since  the  light  from  it  is 
not  appreciably  attenuated.  Ex¬ 
ternal  light,  being  reflected  by  the 
screen,  thus  passes  twice  through 
the  filter  which  considerably  re¬ 
duces  it.  By  this  means,  the  ap¬ 
parent  brightness  of  the  trace  rela¬ 
tive  to  its  background  is  increased. 


VHF  Omnidirectional 
Radio  Ranges 


The  cover  of  the  August  issue  of 
Electronics  showed  the  new  vhf 
omnidirectional  radio  range  devel¬ 
oped  by  CAA  along  principles  pro¬ 
posed  by  D.  G.  C.  Luck  of  RCA 
at  the  Kansas  City  meeting  of 
RTCA  in  1939.  From  recent  devel¬ 
opments,  it  now  appears  possible 
to  replace  the  two-course  vhf 
ranges  with  omnidirectional  ranges 
in  about  one  year.  Although  devel- 


Reproduction  of  the  photograph  that 
appeared  on  cover  of  Electronics  for 
August.  The  plane  is  using  signals 
from  two  stotions  100  miles  aport  to 
obtain  a  position  fix.  The  dashed  lines 
indicate  10-degree  units  of  asimuth 
transmitted  by  the  new  CAA  vhf  system 

opment  of  the  two-course  vhf 
system  was  completed  in  1942, 
installations  have  been  held  up  by 
the  war  and  have  only  recently 
been  resumed  on  a  limited  scale 
beginning  with  the  establishment 
of  the  Chicago-New  York  airway. 

The  omnidirectional  range  may 
be  likened  to  the  standard  four- 
course  aural  radio  range  with  a 
means  provided  for  precisely  deter¬ 
mining  the  ratio  of  the  two  signals 
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i>«ticcif«  inftruin«i}ts  such  as  those 
used^n  {itcinef,  rodtos  otid  etecfronlcs 
are  sii%|ect  to  excessive  shocks  j^lts 
end  vihretlon  In  their  line  of  every 
doy  duty  ond  need  protection  In  order 
to  operote  efficiently  for  cwi.y  length 
of  time.  •  Horris  Mounts  ore  widely 
UMd  becouse  they  crod}e»  cushion  and 
protect  these  Instruments  hy  ohsorh- 
Ung  up  td^90  percent  of  this  ioltinp, 
^ij^ing  and  excessive  vlhrcdion.  Horris 


ore  extremely  light  in  weight 


If^ugged  and  wilt  nsnder  unusually  long  and  efficient- 
i^^f:ftiey  are  mode  in  occordance  with  the  Army-Navy 


suH^Ony  comblnotion  of  weight,  frequency,  deflection 
eon<^iiMi  ond  come  in  both  cup  and  plots  form.  *^lf 
mcd^bin,  |ust  dr^  us  a  tine,  our  engineers,  specialists 
vibration  cohtiwl  will  gladly  work 
Neg|nj|ty*,|lb>>r  free  bulletin  series  1022  on  Horris 
J|^@f|b^scHled  upon  request.  Send  for  it  today. 
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Front  row,  left  to  rtght;  SUvercap  LSC,  Silvercap  BSC,  SUvercap  SSC. 
Back  row,  left  to  rtght:  SUvercap  ASC,  Silvercap  BSC. 


The  Sickles  “SILVERCAP”  Family 


Way,  way  back  in  the  early  30’s,  Sickles  presented  the  first  Silvercap 
Condenser,  a  vast  improvement  over  its  ordinary  mica  predecessor. 
The  Silvercap  used  silver  conducting  surfaces  bonded  to  their  mica 
dielectric.  Thus,  motion  between  plate  and  dielectric  was  eliminated 
and  a  highly  stable,  uniform  unit  was  the  result. 

Years  of  research  and  development  followed  this  first  model  until 
today,  the  Silvercap  family  can  count  five  highly  improved  members. 
All  are  made  with  the  highest  quality  mica  and  molded  with  the  best 
grade  of  red  phenolic.  These,  and  careful  attention  to  details,  com¬ 
bine  to  produce  a  unit  that  is  unexcelled  for  a  dependable,  permanent, 
accurate  block  of  fixed  capacity. 

Write  for  complete  details. 


THE  F.  W.  SICKLES  COMPANY,  CHICOPEE,  MASS. 
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VHF  RADIO  RANGES 


(continued) 


at  any  point  and  thereby  the 
azimuth  from  the  station  at  any 
point,  rather  than  at  points  lying 
only  on  certain  specific  courses 
where  the  signal  ratio  is  unity, 
as  in  current  practice. 

Antenna  System 

The  complete  transmitting  equip¬ 
ment  comprises  the  transmitter, 
the  subcarrier  modulator,  the 
goniometer,  and  the  antenna.  Five 
radiating  elements  are  located  at 
the  corners  and  at  the  center  of 
the  customary  square  employed  in 
d-f  systems.  Opposite  pairs  of 
antennas  are  operated  180  degrees 
out  of  phase  and  the  electrical 
spacing  between  the  elements  is 
small  compared  to  the  wavelength 
so  that  a  figure  eight  field  pat¬ 
tern  results.  This  field  pattern 
is  caused  to  rotate  by  means  of  a 
capacitance  goniometer  which  is 
driven  by  a  synchronous  motor  at 
3600  rpm. 

The  rotating  goniometer  acts  as 
a  balanced  modulator.  It  elimi¬ 
nates  the  carrier  frequency,  and 
supplies  sideband  energy  at  carriej 
frequency  plus  and  minus  sixty 
cycles  to  the  two  antenna  pairs. 
Since  the  entire  field  is  in  effect 
rotated  once  for  each  rotation  of 
the  goniometer,  each  direction  in 
space  will  have  a  certain  phase  of 
the  rotational  frequency  associated 
with  it  and  this  phase  will  change 
degree  for  degree  with  a  change 
in  azimuth  relative  to  the  station. 
If  then  we  have  a  signal  supply¬ 
ing  a  voltage  of  reference  phase 
which  is  independent  of  azimuth, 
we  may  determine  azimuth  from 
the  station  by  comparing  the  phase 
of  the  two  received  signals. 

Reference  Modulation 

The  reference  signal  is  provided 
by  means  of  sixty-cycle  modulation 
applied  to  a  10-kc  subcarrier  which 
in  turn  modulates  the  carrier 
radiated  from  the  center  antenna. 
The  60-cycle  modulating  voltage 
for  the  reference  phase  signal  is 
derived  from  a  small  alternator 
driven  on  the  shaft  of  the  motor 
which  rotates  the  goniometer,  so 
that  a  constant  phase  relationship 
is  always  maintained  between  the 
two  signals.  With  one  diagonal 
antenna  pair  accurately  aligned  in 
the  local  meridian,  and  the  other 


CORRECTS  ''X"  AXIS  IN  MINUTES  OF  A 
DEGREE  TO  MEET  SIGNAL  CORPS  SPECIFICATIONS 


SIMPLE  >  ACCURATE 
Positive  Adjustment 


Angle  adjustment  in  min¬ 
utes  by  micrometer  readi'ng, 
determined  by  chart.  .  .  . 
Eliminate  complicated  ver¬ 
nier  reading  .  .  .'  Enables 
you  to  meet  rigid  SIGNAL 
CORPS  SPECIFICATIONS  in 
minutes  of  a  degree.  .  .  . 


★  WRITE  TODAY  FOR 
DETAILS  ond  PRICES 


VOLKEL  BROS 

MACHINE  WORKS 


1943  West  Manchester  -  Los  Angeles  44,  Calif 


Designers  and  Manufaelunrs  of 


SPECIAL  DEVICES  EQUIPMENT 
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Here  is  advanced  Relay  Engineering ! 


TYPE  BN 

The  AIIImI  doubl«>throw  BN  type  embodies 
nrany  new  Improvements  for  heavy  duty  6-pole 
switching  . ,  .  permits  individual  adjustment  of 
contacts.  ^Mded  Bakelite  is  used  throughout  the 
relay.  Gsntacts  are  rated  at  10  Amperes.  As  in  all 
Allied  relays,  the  BN  is  designed  for  compactnen 
and  minimum  weight.  May  be  furnished  normally 
open  or  normally  closed  or  double-throw.  Avail¬ 
able  in  AC  or  DC.  Weighs  1 1  os.  Write  for  com¬ 
plete  operating  characteristia,  etc. 

Height:  2  9/16"  Length:  3"  Width:  1  23/32" 


TYPE  CN 

The  CN  relay  is  the  result  of  advanced  engineer¬ 
ing  technique  and  succeeds  Allied's  succeuful  AN 
type  ...  a  power  relay  expressly  designed  for 
breaking  heavy  current.  Contact  rating  is  50  Am¬ 
peres  at  24  Volts  DC  with  silver  contacts;  with 
alloy  contacts  the  contact  rating  is  75  Amperes  at 
24  Volts  DC.  (The  latter  arrangement  with  the 
alloy  contacts  is  known  as  the  CNS  type.)  The  con¬ 
tact  arrangement  is  single  pole,  single  throw, 
double  break,  normally  open  or  normally  closed. 
The  new  design  incorporates  molded  Bakelite  insu¬ 
lation,  greater  electrical  clearance  and  over-all 
improved  mechanical  structure.  Available  in  AC 
or  DC.  Complete  data  on  request. 

Height:  2Vk"  Length:  2V4"  Width:  2" 


The  two  relays  described  above  are  typicol  exornples  of  the  mony  ne^w  types  o^ 
relays  Allied  IS  con  St  antlydes  gningfor  its  customers'  widely  diversified  requirements. 

Allied’s  engineering  staff  continually  works  to  improve  relay  designs  and  to  de¬ 
velop  new  magnetic  control  devices  for  present  and  future  manufacturers  whose 
products  require  electrical  control.  The  highly  practical  accumulated  knowledge  of 
these  men  is  at  your  command.  Send  us  your  control  problems! 


ALLIED  CONTROL  COMPANY,  INC. 

.  2  EAST  END  AVENUE  fot  79»h  Sfre^t)  NEW  YORK  21,  N  Y 

fACTORItS  ►■itW  YO»r  city  .  PLANTSVIllfc  CONN 

AILIED  CONTROL  CO  OT  CALIFORNIA  INC  •  T633  SOUTH  HOPE  STREET  .  LOS  ANC,EL£S  15  CALIFORNIA 

allied  control  company  INC  .  4321  NORTH  knOX  avenue  -  Chicago  4l  ILL  NOI'- 
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VHP  RADIO  RAN6ES 


(continu«d) 


MANUFACTURERS  OF 


ELECTRONIC 
EQUIPMENT  PARTS 

•  TERMINAL  STRIP 
ASSEMBLIES 

•  ANTENNAE 

•  TRANSMISSION 
LINES 

•  RADAR 
ASSEMBLIES 

•  ALIGNMENT 
TOOLS 

•  SPECIAL 
EQUIPMENT 

•  WAVE  GUIDES 


For  Complete  Details 
Write  for  Catalog 


KINGS  ELGCTRONIGS  CO. 

372  CLASSON  AVE. 
BROOKLYN  5,  N.  Y. 


pair  at  an  exact  right  angle,  the 
practice  is  to  have  the  voltages 
from  the  two  signals  in  phase  in 
the  true  north  direction  with 
clockwise  rotation  of  the  pattern. 

The  total  signal  consists  of  a 
carrier  which  is  amplitude-modu¬ 
lated  so  that  the  phase  of  the  modu¬ 
lation  is  directly  equal  to  the 
azimuth  angle.  The  carrier  is 
further  modulated  by  the  reference 
phase  subcarriers.  These  may  be 
separated  in  such  a  way  as  to  leave 
the  above  result  unaffected. 

Receiving  Equipment 

The  receiver  is  a  conventional 
vhf  superheterodyne  up  to  and 
including  the  second  detector.  At 
this  point,  a  filter,  separates 
the  10-kc  subcarrier,  and  another 
detector  separates  the  reference 
phase  voltage  from  the  modulated 
subcarrier.  The  reference  voltage 
is  then  amplified,  split  in  phase, 
and  applied  to  the  two  primary 
windings  of  a  magnetic  phase 
shifter.  The  output  of  the  phase 
shifter  feeds  a  wattmeter  circuit 
together  with  a  voltage  derived 
from  the  variable  phase  signal 
The  indicating  element  of  the  watt¬ 
meter  circuit  is  a  standard  zero- 
center  meter  which  is  used  in  air¬ 
craft  as  the  course  indicator. 

A  circular  scale  on  the  phase 
shifter  is  graduated  in  degrees 
from  zero  to  360  and  an  indicating 
pointer  is  attached  to  the  rotor 
shaft.  After  the  station  is  tuned 
in,  the  phase  shifter  is  rotated 
manually  until  the  pointer  is  cen¬ 
tered.  The  azimuth  from  the  sta¬ 
tion  is  then  read  from  the  scale 
on  the  phase  shifter. 

Indicators 

A  course  along  the  azimuth  line 
may  then  be  flown  by  reference  to 
the  zero-center  meter,  which  will 
indicate  deviations  from  the  course 
by  deflections  in  the  corresponding 
directions.  When  courses  are 
flown  along  lines  which  do  not  pass 
through  the  station,  a  continuous 
check  on  azimuth  from  the  station 
may  be  maintained  by  keeping  the 
meter  centered  by  manual  adjust- 
pent  of  the  phase  shifter. 

The  azimuth  may  be  indicated 
automatically  and  continuously  by 
a  means  similar  to  that  used  with 
automatic  direction  finders.  Such 
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WHAT  does  it  mean  to  you  when  Mrs.  Smith’s 
electric  iron  goes  phht?  If  electrical  insula¬ 
tion  is  a  part  of  your  product,  whether  it’s  ap¬ 
pliance,  radio  or  electrical  equipment,  you,  like 
the  iron  manufacturer,  run  this  risk.  The  risk  of 
insulation  failure — of  inconveniencing  customers, 
jeopardizing  good  will,  and  possibly  losing  sales. 

Since  your  product’s  performance  may  depend 
on  a  few  cents  worth  of  insulation,  be  sure  to  use 
the  best.  Assure  trouble-free  service  with  BH 
Fiberglas  Sleeving,  the  original  non-fraying, 
non-stiffening,  non-burning  Fiberglas  sleeving. 


An  exclusive  BH  process  combines  permanent 
freedom  from  hardening,  cracking  or  rotting  with 
the  many  advantages  of  Fiberglas  —  including 
high  dielectric  and  tensile  strength,  resistance 
to  moisture,  oil,  grease  and  most  chemicals. 

Severest  wartime  uses  prove  beyond  question 
the  superior  qualities  of  all  three  BH  Fiberglas 
Sleevings  in  electrical  applications  for  home  and 
industry.  One  of  them  may  fit  your  needs  to  a 
“T” — plus!  Write  for  free  BH  samples  today 
and  put  them  to  the  toughest  tests  your  product 
can  dish  out! 


FIBERGLAS  SLEEVING  *  BH  SPECIAL  TREATED  FIBERGLAS  SLEEVING 
BEN-HAR  COATED  FIBERGLAS  SLEEVING 


Also  SLOW-BUHNING  IMPREGNATED  MAGNETO  TUBING  •  SLOW-BURNING  FLEXIBLE 
WADfJtcupn  TiiDtMiZ  .  CATfiDATcn  Cl  pewifun.  .  A  c  r  Aj  cDcricir-AT/nAJc 
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)200  FKAMli;  MOTOR 

1/4  HP  at  1625  RPM 


i&zf  DCS® LaI 9 U 1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

fitport  Ad  Aunomn,  89  flfocjci  Sf  ,  New  York.  U.  %  A  Cob/e 
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VHf  RADIO  RANGES 


an  indicator  is  now  available  com¬ 
mercially  which  operates  on  400 
cycles.  A  similar  instrument  is 
being  developed  to  operate  on  sixty 
cycles  for  the  omnidirectional 
range. 

Advantages 

At  present,  the  omnidirectional 
range  has  an  overall  accuracy  of 
approximately  three  degrees.  This 
compares  very  favorably  with 
accuracies  obtainable  in  any  range 
or  d-f  system  suitable  for  use  over 
moderate  distances  and  providing 
at  least  on  and  off  course  indica¬ 
tions  over  the  entire  360  degrees. 

,  The  omnidirectional  range  is  an 
improvement  over  any  device  so 
far  proposed  in  that  it  provides  a 
continuous  indication  of  azimuth 
in  all  directions  without  ambiguity. 
When  used  together  with  a  dis¬ 
tance  indicator,  a  continuous  indi¬ 
cation  of  position  is  obtained  which 
completely  solves  the  navigation 
problem. 


This  motor  was  the  answer  to  a  customer’s  question  .  . 
"Will  you  design  a  totally  enclosed  dual  motor  unit  to 
drive  our  warehouse  trucks?”  Today  Type  5230  motors, 
thousands  of  them,  are  wheeling  industrial  loads.  Such 

engineering  service,  instantly  available,  may  also  solve 
a  difficult  motor  problem  for  you. 


Use  of  Shunt  Diode  for 
Supplying  Bias  Voltage 

It  is  an  unfortunate  fact  that 
radio  men  in  general  do  not  recog¬ 
nize  the  full  potentialities  of  the 
shunt  diode.  In  the  two  bias  sup¬ 
plies  to  be  described,  shnnt  diodes 
are  used  for  rectification  with  at¬ 
tendant  advantages. 

The  conventional  bias  supply  for 
amplifier  use  is  shown  in  Fig.  1.  In 
this  circuit,  a  diode  (usually  a 


ELECTRICAL 

Series,  shunt,  or 
compound-wound 
Unidirectional  or  reversible 
Optional  torque 
Optional  speed 
Optimum  efficiency 
For  control  circuits 
Electric  braking  optional 

MECHANICAL 

Ventilated  or 
enclosed  types 
Bose  or  flange  mounting 
Operation  in  any  position 
Low  space  factor 
Ball  bearing  equipped 
Optional  shaft  details 
Rugged  construction 


fRAME  MOTORS 


Output*  Con.  tti.r.i 
Torque  at  3900  R 
.Torque  o»  1*25  R 
Lock  Torque 
Volts  Inprtf 
VoHs  Input 
Diameter 
Length  les»  shah 
Shaft  Wa 


Fig.  1 — Canrentlonal  method  of  obtoia- 
ing  bias  from  the  blgh-Toltoge  windinf 
of  the  power  transformer 


Weight 


6X5)  is  reversed  and  used  as  a 
half-wave  rectifier  for  negative  orxir 
put.  Because  the  heater-cathode 
rating  will  usually  be  exceeded,  it 
is  necessary  to  use  a  separate 
heater  winding  which  frequently 
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W  A  L  D  E  S 

TRUARC 

RETAINING  RING 
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Waldes  Truarc  expands  or  contracts  without  distortion 
and  without  permanent  set,  flitting  tight  all  around  the  groove. 

It  offers  Important  advantages  over  shoulders,  nuts,  collars, 
etc.,  for  all  thrust-load  fixings  In  shaft  and  housing  applications. 

It  saves  space,  weight,  assembly  time  and  machining  costs. 

Waldes  Truarc  presents  a  significant  advance  In  retaining  rings,  well 
worth  your  thorough  Investigation.  We  will  gladly  furnish 
samples  and  full  data  for  tests,  upon  request. 


•  Inttrnal  typ*  National  Aircraft  Standard  SO. 

•  Extornal  typo  National  Aircraft  Standard  51. 


WALDES  KOHINOOR,  INC. 

Cmilu  ItfruMtotiTM:  rmci  Prafriu  ft  EifiiNilii  Cotyonlim,  lUL,  72-74  Staltort  Stmt.  Tmoto 


EXTERN  A  I  TYPE  NAS  51 


INTERNAL  TYPE  NAS  50 


SHUNT  DIODES 


ELECTRIC 


GENERAL 


DELTABESTON 


(continued) 


means  an  extra  filament  trans¬ 
former.  Then,  because  the  voltage 
across  the  input  filter  capacitor  is 
often  too  high,  it  must  be  limited 
by  R,.  If  we  want  only  a  hundred 
volts  or  less  of  bias  (say  for  2A3’s), 
we  must  have  an  additional  drop¬ 
ping  resistor  R,.  This  requires  two 
power  resistors,  which  means  power 
wasted  and  a  lot  of  heat  dissipated. 

The  circuit  of  Fig.  2A,  uses  a 
shunt  diode  with  the  cathode 
grounded,  so  there  is  no  problem  of 


G*£  Deltabestoa  Radio  Hook-up  Wires  are  designed 
specially  for  producers  of  electronic  equipment. 
These  wires  are  used  extensively  for  airborne 
and  ground  radio  communications,  as  well  as  other 
closely  associated  applications.  G-£  Deltabeston 
is  constructed  to  provide  excellent  protection' 
against  flame,  heat,  cold,  moisture,  fungi  and  most 
corrosive  vapors.  AU  low-voltage  types  are  fully 
approved  under  the  Joint  Army-Navy  Specifi¬ 
cations  JAN-&76. 

Here  are  only  a  few  of  the  many  physical  i 

iand  electrical  tests  to  which  we  subject  Delta-  I 

beston  to  help  provide  trouble-free  service:  I 
Heat  Resistooce  Test  Deltabeston  is  wrapped  I 

around  a  mandrel,  baked  at  12 1  C  for  one 
hour,  immersed  in  water  and  successfully  K 
withstands  a  test  of  2000  volts.  m 

Heat  ood  Heoiidity  Test  Deltabeston  is  h 
tested  to  determine  the  suitability  of  k 
the  insulation  when  subjeaed  to  con- 
ditions  of  high  heat  and  moisture. 

1  Cold  Bead  Test  Deltabeston  is  sub- 
I  jected  to  minus  40  C  for  at  least  four 
I  hours.  While  at  this  temperature,  it 
I  is  bent  around  specified  mandrels 
1  immersed  in  water  where  it  with- 
^  stands  a  minimum  potential  of 
^  '  2000  volts. 

Dielectric  Test  Deltabeston  1000- 
volt  rms  Radio  Hook-up  Wires 
are  tested  for  high  quality  and 
uniformity  of  insulation  by 
passing  them  through  a  high 
potential  test  at  5000  volts, 

60  cycles.  Deltabeston 
Hook-up  Wire  3600-volt 
rms  is  spark  tested  at 


oiiuF: 


Fig.  2 — ^At  A  is  a  circuit  for  obtaining 
bias  with  a  shunt  diode.  Capodtor  C 
acts  in  conjunction  with  the  load  re¬ 
sistor  to  form  o  Toltoge  divider.  When 
only  one  bios  voltage  Is  needed,  the 
drcuit  shown  ot  B  moy  be  used 


heater  supply.  The  load  is  tied 
directly  across  the  output  filter 
capacitor  and  the  dropping  resistor 
is  eliminated.  The  capacitors  work 
at  low  voltage  so  their  rating  need 
not  be  high.  The  entire  voltage  drop 
is  accomplished  in  the  input  capaci¬ 
tor  C  with,  obviously  no  loss  of 
power  and  no  heat. 

For  an  output  of  100  volts  at 
about  eight  milliamperes  (to  2A3 
grid-voltage  control  potentiometers 
or  other  load) ,  C  will  be  of  the  order 
of  0.1  fif.  It  will  vary  with  line  fre¬ 
quency  and  load  requirements.  If 
separate  bias  voltages  are  not  re¬ 
quired,  the  load  (which  is  merely  a 
grid  return  to  ground)  may  be  re¬ 
moved  from  the  output  capacitor 
and  placed  across  the  diode  as 
shown  in  the  alternate  circuit  of 
Fig.  2B.  The  grid  returns  are  con¬ 
nected  to  the  filter  output.  Since 
the  filter  is  then  unloaded,  this  will 
provide  even  better  filtering. 

The  circuit  of  Fig.  2A,  with  the 


For  complete  information,  write  to  Section  Y956-119,  Ap¬ 
pliance  and  Merchandise  Department,  General  Electric  Co., 
Bridgeport,  Conn.  All  Deltabeston  Wires  and  Cables  are  dis¬ 
tributed  nationally  by  Graybar  Electric  Co.,  General  Electric 
Supply  Corp.  and  other  G-E  Merchandise  Distributors. 
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You  can  rely  on  this 

Blower  Motor 


to  operate  dependably  in 
marine/  aircraft,  electronic, 
and  similar  applications  • . . 


raiFORMANa  WITH  #1  L-R  TURRO  TYRi  RIOWIR 


115  A.C.  60  CYC. 


ClockwiM  Driva  End  I  Clockwis*  Driv*  End 


300  —  400 


You  can  recom* 
mend  Oster  Mo¬ 
tors  with  full 
assurance  that 
they  will  live  up 
to  the  worla* 
wide  reputation 
of  pre-war  Oster 
appliances, 
Oster-powered. 


In  planning  your  post-war  product,  it  is  well  to 
remember  the  design  and  operating  advantages 
of  this  Oster  blower  motor.  Although  it  has  been 
especially  designed  for  use  in  the  marine,  aircraft, 
and  electronic  fields,  it  may  have  qualities  diat  fit 
your  particular  produa.  Qieck  these  features: 

Houiing:  Die  cast,  zinc  field  housing  and  alu¬ 
minum  end  brackets.  Totally  enclosed. 

PMsh:  Black  baked  enamel. 

Wolghf ;  5  lbs. 

Bearings:  Single  shielded  ball  bearings  lubri¬ 
cated  with  a  grease  suitable  for  any  specific 
application.  Bearing  housings  fitted  witn  steel 
inserts. 

Windings  and  Insulation:  Field  coils  and  arma¬ 
ture  wound  with  a  select  grade  of  insulated  cop- 

Eer  wire  and  impregnated  with  a  high  quality 
eat  and  moisture  resisting  insulating  varnish. 

Mounting:  Available  with  either  base  mounting 
or  machined  pads. 

Brushes:  Metal  graphite  or  electro,  graphite 
brushes  of  ample  size  to  assure  unusually  long 
.  ^  brush  life.  Phosphor  bronze  ot  beryllium  cop- 
per  brush  springs. 

Temperature  Rise:  55'’C.  maximum  frame  tem¬ 
perature  rise  at  rated  output. 

Moditleatlen:  Motors  can  be  furnished  widi 
special  shaft  extensions,  mounting  arrange¬ 
ments,  finishes,  leads,  etc. 

Let  us  help  you  fit  this  and 
other  Oster  Motors  to  your  re- 


0^, 


other  Oster 
quirements. 


WAR  RONDS 


John  Oster  Manufacturing  Co. 


DEPARTMENT  L-24 


RACINE,  VyiSCONSIN 


SHUNT  DIODES 


(continued) 


values  shown,  delivered  100  volts 
across  four  5000-ohm  potentiom¬ 
eters  connected  in  parallel  to  supply 
the  grids  ,  of  push-pull  parallel 
2A3’s.  The  ripple  level  was  0.01 
volt. 

Practical  Circuit 

An  adaptation  of  this  circuit  is 
shown  in  Fig.  3A.  This  is  intended 
as  a  source  of  3  volts  bias  for  r-f 
and  i-f  stages  of  deluxe  receivers, 
thereby  saving  cathode  bypass 
capacitors  and  resistors,  and  the 
space  they  occupy.  This  circuit  will 


The  makers  o£  temperature  responsive 
controls — ^now  playing  on  indispensable 
port  in  winning  the  war — will  take  an 
even  greater  port  in  building  a  better 
postwar  world. 

The  demands  of  Industry  for  devices 
to  control  processes,'  to  assure  exact 
temperatures,  to  protect  machines  or 
motors  against  heat  or  stress — 

The  demands  of  Transportation  for 
proper  temperatures  in  both  passenger 
cars  and  in  freight-cars  carrying  perish¬ 
able  goods,  os  well  os  for  giving  the 
“green  light”  to  over  500,000  miles  of 
rails,  24  hours  a  day — 

The  similar  demands  of  aviation,  and 
even  of  our  private  automobiles,  in 
which  there  are  now  more  than  16  ap¬ 
plications  of  bimetal  control;  and  the 
insistent  demands  of  our  homes  for 
more  and  better  automatic  home 
appliances — 

From  all  these  sources  the  builder  of 
thermostatic  controls  may  confidently 
expect  a  flood  of  orders  when  peace 
comes  again.  And  in  addition,  he  may 
rely  upon  many  new  developments  in 
which  Chace  Thermostatic  Bimetals  can 
profitably  be  used.  Over  20  years  of 
Chace  experience  will  be  at  his  command. 
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Fig.  3 — Bios  voltage  for  r-f  and  i-f  itaget 
is  obtained  from  the  simple  circuiti  ot 
A.  By  supplying  the  rectifier  plote  from 
the  heater  line,  up  to  nine  volts  of  bios 
is  provided.  B  is  for  lue  in  an  high- 
fidelity  receiver.  Bias  for  beam-power 
tubes  is  provided  by  the  circuit  at  C. 
a  half-wave  voltage  doubler  whose  out¬ 
put  is  18  volts  at  an  input  of  6.3  volts 
rms 


deliver  up  to  9  volts  from  a  6.3-volt 
heater  line,  depending  upon  C  and 
Ri.  The  value  of  the  filter  resistor 
Ra  may  be  of  the  order  of  50,000  or 
100,000  ohms.  It  is  not  critical. 

Figure  3B  shows  the  circuit  ap¬ 
plied  in  a  high-fidelity  receiver  as 
source  of  bias  and  avc  delay  voltage- 
The  avc  diode  (also  wired  in  shunt) 
is  fed  from  the  plate  of  the  last  i*f 
stage  so  that  the  fiywheel  effect  of 
the  transformer  secondary  will  iron 


Thermostatic  Bimetals  and  Special  Alloys 
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Transformer  Specialists  •  •  • 


Thordarson’s  tradition  of  quality  provides  the  underlying  reason  your  guarantee  of  the  finest  transformers  for  requirements  of 

for  its  past  half-century  of  progressive  leadership  in  the  specialized  Tomorrow  .  .  .  and  years  to  come.  With  confidence  .  .  .  gained 

manufacture  of  de|X'ndablc  transformers,  com|X)nents  and  other  by  this  ability  to  produce  quality  merchandise  and  coupled  with 

electronic  devices.  This  same  tradition,  upheld  through  every  novel  sales  jxilicies  .  .  .  Tlionhirson  looks  forward  to  supplying 

phase  of  Tliordarson  design,  engineering  and  manufacturing  is  the  expanding  demands  of  the  radio  and  electronic  industries. 


500  WEST  HURON  ST.,  CHICAGO,  ILL. 


TriORDARSON 


SHUNT  DIODES 


(contlmMd) 


UodA  39-VTF.  SwlM 
A,  showing  simplicity 
snd  portability. 


. . .  FOR  FREQUENCIES  IN  aCU  BANDS 


MODEL  39-VTF.  Series  A,  a  new  devel¬ 
opment  oi  J-B-T  engineers^  measures  fre¬ 
quencies  in  six  specific  bands  with 
accuracy  of  ±  0.25%  of  the  frequency 
being  .measured,  zmd  with  sufficient 
ampUtude  to  be  easily  read. 

Vacuum  tube  multivibrator  circuits  di¬ 
vide  the  incoming  frequency  by  1, 2, 3. 4, 
6  or  9.  depending  on  the  position  of  &e 
multiplier  switch,  and  show  the  result 
on  the  time-tested,  standard  400  cycle 
meter. 

Regular  line  current  is  used  for  power 
supply,  permitting  an  input  sensitivity 
of  500,000  ohms.  Response  is  not  affected 
by  irregular  wave  form,  nor  by  harmonic 
content  of  unknown  frequencies  of  less 
than  10%  or  15%  .  .  .  and  input  control 
permits  use  from  100  to  350  volts. 

The  result  is  an  instrument  of  high  accu¬ 
racy  and  high  steJaility  with  permanent 
cedibration  .  .  .  especially  useful  for 
checking  audio  oscillators,  frequency 
converters,  radar  equipment,  and  for 
standardizing  less  accxurate  frequency 
measuring  units. 


1600 

2400 

3600 

Sk%ek 

•iXTREME  ACCURACY 

...within  ±  0.25%  of  IroqumKy 
boing  moasured. 

•  PERMANENT  ACCURACY 

...  no  hirthor  calibration  or 
standardisation  raquirod  at  any 
time. 

•  STABILITY..  .no  tamparatura 
drift  aftar  initial  30  sacond 
warmHip. 

•  BURN-OUT  PROOF  ...  no 

protaction  naadad  against  sod* 
dantal  abova-ranga  fraquandas. 

•  SENSITIVITY  .  .  .  500,000 
ohms. 

•  SIMPLICITY . . .  usaa  standard 
tubas. 

•  POSITIVE  SWITCHING. . . 

built-in  switch  is  J-B-Ts  own 
ruggad,  coin-silvar  platad  in- 
strumant  switch,  as  supplied  for 
high  quality  tastars. 

A/aut  Booklai. .  .  Just  off 
prass.  illiutratas  other  types  of 
I-B-T  Vibrating  Read 
Frequency  Maters.  ^f**t*>^ 
Ask  for  Bulletin  ^  fK  1 
Vr.43-lC.  U 


Manufactured  under  J-B-T  and/or  Triplett  Patents  and  Patents  Pending 


out  the  peak  shunting  due  to  the 
diode  and  hence  eliminate  distor¬ 
tion  from  this  source.  The  detector 
is  of  the  infinite-impedance  type 
and  will  not  load  the  secondary  and 
so  reduce  the  Q.  The  cathodes 
throughout  the  set  may  be 
grounded. 

Figure  3C  shows  a  half-wave 
voltage  doubler  supplied  from  the 
6.3-volt  heater  line  that  will  provide 
up  to  18  volts  (again  depending  on 
C  and  R)  to  pentode  and  beam- 
power  tube  grids  for  fixed-bias 
operation. 

•  •  • 

Popular  Radar  Tube 
Made  in  America 
The  tube  that  had  a  wider  use 
abroad  in  radar  than  all  other 
receiving  types  combined  is  known 
as  the  VR-91.  Because  of  its  per¬ 
formance  at  uhf,  it  was  used  in 
284  types  of  British  equipment. 

During  the  peak  of  the  air  war 
over  England,  large  quantities  of 
the  tube  were  greatly  needed  yet 
time  could  not  be  taken  to  develop 
new  methods  for  its  manufacture 
in  high-speed  production.  After 
American  manufacturers  were 


ReceiTing  tube  type  VR-91.  used  in  284 
types  of  British  radar  equipment 

appealed  to,  Sylvania  Electric 
Products  was  granted  permission 
to  modify  the  design  for  high-speed 
production. 

-  Seventeen  major  changes  were 
made  in  the  British  design,  includ¬ 
ing  grids,  micas,  getter,  connectors, 
mount  support,  shield,  and  methods 
of  testing.  The  diameter  of  the 
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North  American  Philips  is  one  of  the  few  manu¬ 
facturers  of  electronic  tubes  endowed  with  the  skill 
and  experience  required  for  the  mass  production  of 
the  5JP1  and  similar  cathode  ray  tubes. 

The  deflection -plate  terminals  of  these  tubes  are 
brought  out  at  the  neck  of  the  glass  envelope  to  pro¬ 
vide  higher  insulation  and  lower  lead  capacitance  at 
very  high  frequencies. 

In  the  manufacturing  procedure  the  tubes  are 
cracked  at  the  neck,  the  deflection-plate  leads  bent 
out,  and  the  envelope  sections  rejoined  on  a  glass - 
sealing  lathe,  as  illustrated.  During  this  o[)eration  the 
tubes  are  maintained  at  a  high  temperature  to  prevent 
the  formation  of  water  vapor  on  the  fluorescent  screens. 
The  ability  to  produce,  in  volume,  norelco  cathode 


ray  tubes  that  meet  exacting  specifications  is  the  result 
of  experience  gained  by  an  organization  with  a  back¬ 
ground  of  over  half  a  century  of  research  and  develop¬ 
ment  in  the  electrical  field. 

The  facilities  which  North  American  Philips  has 
applied  to  the  manufacture  of  electronic  tubes  in 
wartime  will  be  immediately  available  for  the  post¬ 
war  production  of  cathode  ray  tubes  for  direct  viewing 
and  projection  television. 


Write  today  for  interesting  booklet  on  "How  and 
Why  Cathode-Ray  Tubes  W^ork.” 

W  hen  in  New  York,  be  mre  to  visit  our  Industrial 
Electronics  Showroom. 


Electric 

mission 

h-speed 


OTHER  PRODUCTS:  Quartz  Oscillator  Plates;  Searchray  (Industrial  X-ray)  Apparatus,  X-ray 
Diffraction  Apparatus;  Medical  X-ray  Equipment,  Tubes  and  Accessories;  Tungsten  and 
Molybdenum  Products;  Fine  Wire;  Diamond  Dies. 


Otj^eo  EkcfromcProductsby  NORTH  AMERICAN  PHIIIPS  COMPANY,  INC 


Dept.C-9  100  East  42nd  Street,  New  York  17,  N.  Y. 

Factories  in  Dobbs  Ferry,  N.  Y.;  Mount  Vernon,  N.  Y.  (Metalix  Div.);  Lewiston,  Me.  (Elmet  Div.) 
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RADIO  MEN! 

The  first  time  you  listen  with  Murdock  Phones,  you  know 
that  here  is  clear  reception  with  perfect  comfort  —  and  this 
is  why: 

1.  MURDOCK  "precisioneering"  brings  the  message  through 
naturoUy — ^without  strain,  chatter  or  distortion. 

2.  MURDOCK'S  "solid-built"  durable  construction  protects  the 
fine,  sensitive  adjustments  from  shock. 

3.  MURDOCK'S  "air-cushioned"  phones  provide  long  listening 
without  head  discomfort. 

4.  MURDOCK'S  ventilation  means  cool  comfort — ^prevents 
condensation. 

5.  MURDOCK'S  two-way  adjustment  controls  position  for 
smoother  performance. 

Murdock's  entire  factory  is  now  working  for  Uncle  Sam. 
But  os  soon  as  victory  is  won,  Murdock  men,  machines  and 
materials  will  resume  their  peacetime  position  as  a  leading 
manufacturer  of  radio  phones,  telephone  and  electrical 
specialties  for  civilian  use. 

Plan  for  that  peace  now.  Write  today  for  new  catalog. 

MANUFACTURERS:  We're  at  your  service  to  help  you 
turn  out  more  Radio  Phones  and  related  ports.  Our 
organization  has  had  40  years'  experience.  Write  us 
today. 


WM.  I.  MURDOCK  CO 

181  Carter  St.,  Chelsea  50,  Mass. 


No.  1  grid  wire  was  changed  from 
one  mil  to  2i  mils,  which  increased 
the  strength  nearly  forty  times. 
The  grid  geometry  was  also 
changed.  The  No.  2  grid  was 
changed  from  oval  to  hexagonal 
for  greater  strength  and  speed  of 
manufacture.  The  two-piece  plate 
was  changed  to  one-piece  wrap¬ 
around.  This  increased  strength 
and  stepped  up  the  manufacturing 
speed  four  times.  To  save  on  criti¬ 
cal  materials,  the  shield  and  plate 
were  changed  from  carbonized 
nickel  to  carbonized  plain  steel  and 
nickel-plated  steel. 

The  VR-91  is  a  nine-pin  tube 
with  a  larger  base  and  pin  circle 
diameter  than  the  lock-in  type.  A 
practical  duplicate  of  the  British 
base  construction  was  worked  out 
to  fit  the  Sylvania  standard  bulb, 
and  a  new  set  of  molds  was  built  to 
take  the  smaller  size  pins  and  dif¬ 
ferent  pin  spacings  of  the  VR-91. 
•  •  • 

Australian  Brain  Waves 


Th«  only  electro-oncophaloqroph  ia 
Australia  is  shown  in  operation  at  on 
RAAF  center  near  Sydney.  The  instru¬ 
ment  detects  microscopic  bredn  wores, 
amplifies  them,  and  records  them  on  o 
paper  strip  to  help  doctors  diagnoss 
brain  conditions  in  military  patients. 
The  recording  shown  below  indicates  o 
near-normal  condition  which  dsTslopf 
into  an  abnormality  that  may  be  due 
to  on  unseen  brain  iniury 
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from  this  point  on,  it’s  craftsmanship! 


Do  more  than  before . . ; 


buy  oxtra  War  Bonds 


fllLEY  ELECTRIC  COMPANY 

8-ECTRONICS  — Sep/emfcer  ^94% 


In  one  important  respect  there  is  a 
striking  similarity  between  the  mil¬ 
lions  of  Bliley  crystals  which  we  now 
produce  and  the  mere  handful  of 
custom  made  units  that  constituted 
our  annual  production  when  radio 

was  still  yovmg. 

\ 

In  those  early  days  of  radio,  when 
each  quartz  crystal  was  painstak¬ 
ingly  cut  and  groimd  by  hand,  a 
tradition  was  bom.  It  was  a  tradi¬ 
tion  of  craftsmanship  t^t  has  grown 
with  the  years — a  tradition  that 
^iley  engineers  have  successfully 
translated  into  the  more  intricate 
techniques  of  volume  production. 


Etched  crystals  are  an  outstanding 
discovery  and  development  of  Bliley 
research  engineers.  This  technique,  by 
means  of  which  crystals  are  finished 
to  frequency  by  acid  action  rather  than 
abrasive  action,  was  an  established 
part  of  Bliley  production  long  before 
Pearl  Harbor.  It  has  since  proven  to 
be  an  essential  element  in  the  manu¬ 
facture  of  crystals  that  have  the  depend¬ 
able  characteristics  necessary  for  mili¬ 
tary  communication  in  global  warfare. 

We  have  been  called  upon  to  solve 


some  knotty  problems.  But  that  is 
nothing  new  at  Bliley.  It  has  been  our 
habit  to  parallel  new  developments 
in  radio  with  the  right  crystal  for 
each  application. 

Things  wiU  be  different  soon.  Peace¬ 
time  projects  will  again  come  first. 
But  our  engineers  and  craftsmen  will 
be  ready,  as  always,  with  the  right 
answer  to  your  requirements.  Don’t 
fail  to  include  Bliley  crystals  in  the 
component  specifications  for  your 
peacetime  equipment. 
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Facts  About  Atomic  Power 


The  PKAcncAL  man  in  engineer- 
ing  is  usually  somewhat  skepti¬ 
cal  of  the  endeavors  of  his  brothers 
in  the  pure  sciences.  To  him  the 
problem  of  designing  and  maintain¬ 
ing  a  modern  communication  sys¬ 
tem,  for  example,  is  far  more  vital 
than  the  knowledge  that  mass  and 
energy  are  different  aspects  of  the 
same  thing.  But  the  practical 
engineer  who  has  read  the  history 
of  technology  knows  that  the  theo¬ 
retical  postulates  of  science  may 
turn  out  to  be  of  the  greatest  prac¬ 
tical  importance.  Knowledge  pur¬ 
sued  for  its  own  sake  has  time  and 
again  declared  a  big  dividend. 

An  excellent  example  of  such  cor¬ 
porate  finance  in  the  scientific 
world  is  now  before  the  public  eye, 
80  much  so  in  fact  that  the  story 
appeared  on  the  front  page  of  the 
New  York  Times — at  a  time  when 
the  ordinary  affairs  of  men  have 
been  consistently  relegated  to  the 
inside  pages.  The  story  is  the 
isolation  of  the  isotope  of  uranium 
whose  atomic  weight  is  235  and 
whose  symbol  is  U*“. 

U**  appears  to  be  the  first  true 
atomic  fuel  discovered,  and  al¬ 
though  its  practical  importance  in 
the  affairs  of  men  at  present  is 
precisely  nil,  its  potentialities  are 
sufficient  to  fire  the  imagination  of 
anyone  whose  background  permits 
them  to  understand  the  facts  in  the 
case.  The  readers  of  Electronics 
fall  in  this  class,  hence  your  editors 
have  sought  out  the  factual  refer¬ 
ences  in  the  matter,  and  have  at¬ 
tempted  to  separate  the  actualities 
from  the  guesswork  and  the  wishr 
ful  thinking. 

What  Is  an  Atomic  Fuel? 

It  need  hardly  be  said  that  mod¬ 
ern  technology  depends  upon 
sources  of  power,  and  that  sources 
of  power  depend  on  fuel,  either 
directly  or  indirectly.  The  fuels 

*  Reprinted  from  Blbctbonics,  July  1940. 
p.  12. 


thus  far  available  to  industry  have 
been  in  the  chemical  class.  Coal 
and  oil,  for  example,  are  useful 
to  us  because  they  are  unstable 
chemical  substances  which  can  be 
ignited  and  which  thereafter  will 
continue  to  furnish  heat  until  they 
are  consumed,  provided  they  are 
kept  in  a  suitable  burner  or  fur¬ 
nace.  The  burning  process  in  ordi¬ 


nary  fuel  is  essentially  a  release 
of  chemical  energy  which  accom¬ 
panies  the  reorganization  of  the 
molecules  in  the  fuel.  Thus  the 
hydrocarbon  molecules  of  coal, 
when  burned,  become  separated 
into  water,  free  carbon,  carbon 
dioxide,  ash  and  other  combustion 
products.  The  energy  freed  in  the 
process  results  from  the  re- 
shuffiing  of  the  atoms  and  the 
outer  electrons  of  the  atoms  con¬ 
cerned.  The  nucleus  of  each  atom, 
however,  remains  unchanged. 

For  some  time  the  physicists 
have  known  that  an  entirely  dif¬ 
ferent  kind  of  fuel  lies  within  the 
range  of  scientific  discovery.  That 
fuel  is  the  atomic  fuel,  in  which 
great  amounts  of  energy  can  be 
liberated  from  within  the  nucleus 


Th«  "match”  ior  atomic  fuel.  Neutrons 'generated  in  this  huge  cyclotron 
at  Columbia  Uniyersity  were  used  to  irradiate  the  sample  of  isolated 
at  the  University  of  Minnesota.  The  neutrons,  slowed  down  by  passage 
through  paraffin,  induce  irutobility  in  the  uroniiun  atoms,  causing  them 
to  explode  with  tremendous  energy.  Thereafter  the  uranium  isotope,  if 
available  in  sufficiently  pure  form,  will  maintain  its  own  "combustion" 
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MODEL  JOl 
AXIAL  FLOW 


A/50  H.P.  •  400  cycles  •  1 15  voH»  •  0J02  roted  H.P. 
6500  R.P^  •  Continuous  duty  os  axial  fan  driveu 
btermittent  duty  {o^eneral  use  •  torque  2 JL5 


btermittent  duty  fo^^eneral  use  •  i 
oz.  m  •  SO^fejQiimr '  factor  • 
rfqolrtd  •  .iHU.j 


AIR  DELIVERY  (FREE  AIR) 
375  C.F.M.  (NEMA  CODE) 
140  C.F.M.  (NAFM  CODE) 

400  cycles  •  1 15  volts  •  6500  RPM 
50  watts  input  •  1.0  mfd.  condenser 
required  •  starting  torque  2.25  oz. 
in  •  80%  power  factor  •  weight  o^ 
unit  16  oz.  Fan:  4  blade  4>ropeller 
type,  4>inch  diameter. 

We  invite  inquiry  I 


EASTERN  AIR  DEVICES.  INC. 

585  Dean  Street  •  Brooklyn  17,  N.  Y.i 

Aa  AtKIiata  of  Tho  frod  Goat  Co.,  fat.,  lit.  1992 
sot  tLECTRJCAL,  ELECTRONIC  AND  MECHANICAL  APPLICATIONS 
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ATOMIC  POWER 


(continued) 


of  an  atom.  The  nucleus,  or  cen¬ 
tral  core  of  each  atom,  is  composed 
of  positive  protons  and  neutral  neu¬ 
trons  (possibly  electrons  also). 
The  several  positive  charges  are 
bound  together  in  the  nucleus  very 
compactly,  in  direct  contradiction 
to  the  electric  law  which  states 
that  charges  of  like  sign  repel  each 
other.  This  anomaly  has  been 
explained  on  theoretical  grounds, 
but  its  practical  significance  is  that 
if  the  law  of  electrical  repulsion 
could  he  made  to  take  effect  within 
the  nucleus,  the  nucleus  would  fly 
apart  with  tremendous  speed,  and 
the  associated  energy  could  be 
transformed  to  heat  in  a  manner 
very  similar  to  that  which  makes 
the  plate  of  a  power  tube  glow  red 
when  bombarded  by  the  electrons 
in  the  space  current. 

Such  an  atomic  fuel,  to  be  use¬ 
ful,  must  be  capable  of  “support¬ 
ing  its  own  combustion,”  that  is, 
once  “ignited”  it  must  continue 
to  “burn”  of  itself  until  consumed. 
Moreover,  it  should  be  compara¬ 
tively  inert  until  ignited,  and  not 
too  expensive  in  relation  to  the 
useful  energy  it  can  produce. 

What  is  needed  in  an  atomic 
fuel,  then,  is  a  nucleus  which  is 
normally  stable,  but  which  can  be 
excited  by  some  external  means  so 
that  it  becomes  unstable.  The 
heavier  the  atom,  the  more  com¬ 
plicated  its  nucleus,  the  greater 
the  number  of  positive  charges  it 
contains,  and  the  greater  its  ten¬ 
dency  toward  instability.  It  is 
not  surprising  therefore  that 
uranium,  the  heaviest  element  and 
having  the  highest  positive  charge 
on  its  nucleus,  should  prove  suit¬ 
able  for  the  purpose. 

Uranium  exists  in  several  forms, 
called  isotopes,  which  have  identi¬ 
cal  chemical  properties  but  dif¬ 
ferent  atomic  weights.  The  most 
prevalent  isotope,  of  atomic 
weight  238,  symbol  U*“,  is  normally 
stable,  but  can  be  excited  into  in¬ 
stability  if  bombarded  with  neu¬ 
trons  of  very  high  energy  (energy 
such  as  would  be  imparted  to  a 
unit  charge  by  passage  through  an 
electric  potential  of  several  million 
volts).  Another  isotopic  form,  the 
one  of  atomic  weight  235,  U**,  is 
very  easily  excited  to  instability 
by  the  action  of  neutrons  of  very 
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MODEL  300 
ELECTRONIC 
VOLTMETER 


ACCESSORIES 

MOOa  220  DECADE  AMPLIHER 
MOOa  402  MULTIPUER 


Since  its  development  in  1935  the  Ballantine 
Electronic  AC  Voltmeter  is  the  only  instrument  of 
its  kind  with  a  Simplified  Logarithmic  Scale. 


The  important  feature  of  logarithmic  scale  in¬ 
dication  in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1  as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  ohservation,  common  with  most  multi¬ 
range  instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 


Write  for  descriptive 
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Not  merely  an  assembler  •  • .  the  Wilcox  plant  is  equipped  and 
staffed  with  skilled  craftsmen  to  make  most  all  the  parts  of 
radio  control,  transmitting  and  receiving  equipment,  from 
microphone  to  antenna.  Every  product  is  '’Wilcox  all  the  way” 
—from  the  engineer’s  blue  print  and  precision  fabrication  of 
sheet  metal  to  the  final  assembled  units.  Where  the  name 
Wilcox  appears,  dependable  quality  is  assured ...  in  radio  com¬ 
munications  for  ground  stations  and  aircraft,  police,  public 
address  systems  and  associate  equipment. 

RGinote  RGCOIver  Bay  — using  Single  Frequency 
Crystal  Controlled  Receivers.  Wilcox  Type  F  and  Type  CW unit; 
another  example  of  the  completeness  and  versatility  of  the  line. 

¥fll£OX  ELECTRIC 
COMPAHYJNC. 

Manufacturers  of  Radio  Equipment 

Fourt**nth  and  Chastnut  Kansas  City  1.  Mlssoarl 
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A  NEW  KIND  OF 
RADIO  PUSH-BUTTON 


The  prewar  push-button  station  selector  was  a 
great  improvement  over  dial-tuning  of  radio.  But 
jabbing  forefingers  soon  jolted  it  off  the  station 
frequency. 

The  public  wants  that  cured. 

Crystal-tuning  will  cure  it. 

We  have  developed  a  circuit,  using  four  crystals, 
easily  interchanged,  so  that  the  major  local  sta¬ 
tions  can  be  tuned  accurately,  exactly  on  frequency 
— and  as  long  as  the  set  itself  keeps  in  working 
order.  The  crystals  cannot  change  frequency. 
They  cannot  go  off.  Critical  war  use  of  Pan-El 
Control  Crystals  has  demonstrated  this,  fully. 

We  are  ready  to  discuss  prices,  and  to  produce 
in  quantities,  on  any  schedule  you  may  require, 
to  any  specifications  you  may  establish,  however 
difficult.  Our  engineers  will  gladly  collaborate 
with  yours  on  any  electronic  use  of  control  crystals. 


ATOMIC  POWER  (confinutd) 

low  energy,  corresponding  to  an 
electric  potential  of  roughly  1/40 
of  a  volt.  Moreover,  when  the  U“ 
nucleus  flies  apart,  from  to  2  to  3 
neutrons  are  generated  in  the 
process.  These  neutrons  may  go 
off  in  turn  to  “set  off”  and  cause 
the  disruption  of  other  nearby  U“ 
nuclei.  Thus  the  conditions  for  a 
“chain  reaction”  are  available,  and 
the  atomic  combustion  may  be  made 
self-supporting.  But  the  chain 
reaction  cannot  occur  if  the  atoms 
of  are  diluted  by  stable  atoms 
of  uranium  such  as  U“*,  any  more 
than  pulverised  coal  can  be  made 
to  burn  if  it  is  mixed  with  a  high 
percentage  of  sand  or  some  other 
non-combustible  material.  Hence 
the  need  to  obtain  in  pure,  or 
nearly  pure,  form. 

In  natural  uranium,  the  two 
principal  constituents  are  U”*  and 
U"®,  which  occur  in  the  ratio  to  139 
U™  atoms  to  every  atom.  Thus 
the  active  component  U“*  is  so 
heavily  diluted  by  the  inactive  com¬ 
ponent  that  the  atomic  combustion 
cannot  be  self-supporting  until  the 
U”®  is  separated  from  the  combina¬ 
tion.  and  are  identical 

chemically,  hence  cannot  be  sepa¬ 
rated  by  chemical  methods.  The 
only  difference  on  which  separation 
can  be  accomplished,  so  far  as  is 
now  known,  is  the  difference  in 
their  masses,  and  this  difference  is 
only  3  parts  in  235,  or  less  than 
two  percent.  Here,  then,  is  the 
rub.  Can  a  simple  and  economical 
means  be  found  to  separate  U* 
from  U“*?  If  so,  a  new  fuel  is 
available  which  has  the  virtue  of 
being  highly  concentrated,  and 
which  may  compete  with  coal  or 
oil  on  a  price  basis,  provided  the 
several  economic  and  technical  ques¬ 
tions  are  satisfactorily  answered. 

A  very  interesting  analysis  of 
the  problem  has  been  worked  out 
by  Roberts  and  Kuper.*  They 
point  out  that  U®“  supplies  about 
200  million  electron  volts  of  energy 
per  atom,  whereas  coal  supplies 
4  electron  volts  of  energy  per  atom- 
The  ratio  of  energy  is  then  50,- 
000,000-to-l  on  an  atom  basis.  By 
a  weight  basis,  if  we  compare  coal 
with  uranium  oxide  as  raw  mate¬ 
rials,  this  ratio  must  be  divided 
by  the  relative  concentration  of 
U*“,  1  in  139,  and  by  20  to  account 
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The  new  Diamond  G  MULTI-CLAMP  instantly  FITS  and  HOLDS  rubber  hosing, 
metal  pipe,  tubing,  cables  and  other  equipment  in  a  vise-like  grip.  No 
wrench,  no  screw-driver,  no  disassembling  necessary.  The  patented  worm- 
type  self-locking  screw  assures  uniform  instant  adjustment.  Each  standard 
MULTI-CLAMP  covers  a  wide  range  of  sixes  and  adjustments.  Continuous 
"gear-action"  solid  band  prevents  leakage  or  unequal  pressure  at  any  point! 


a/  a  (4ac(<ui(td 

Here’s  a  new  clamp  that  meets  the  needs  of  many  industries  .  .  .  c  :lamp 
that  solves  scores  of  problems  quickly  and  economically! 


DIAMOND 
MULTI-CLAMP 


Easy  to  Install  no  disassembling 


The  Diamond  G  MULTI-CLAMP  is  corrosive-resistant  and  meets  current 
Army-Navy  specifications.  It  can  be  used  repeatedly  and  is  practically 
indestructible  Mechanically  held  and  securely  welded  ...  a  double  safety 
feature!  For  special  purposes,  various  types  of  inserts,  extra  wide  bands  of 
metal,  plastic  or  rubber  are  available. 

See  the  MULTI-CLAMP  in  action  ...  for  automotive,  aviation,  railroad, 
marine,  electrical,  hydraulic,  pneumatic,  electronic,  household  use  and 

general  plant  applications.  Sample  on  request. 

GEORGE  K.  GARRETT  CO.,  INC. 

1421  CHESTNUT  STREET,  PHILADELPHIA  2,  PA. 


Douoij  Safety  Feature  me¬ 
chanically  held  and  welded 


DIAMOND  ^  PRODUCTS 
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(continued) 


for  the  difference  in  the  molecular 
weights.  This  gives  U*“  an  advan¬ 
tage  over  coal  of  about  17,000-to-l, 
on  a  weight  basis,  considering  the 
raw  materials.  What  about  cost? 
Uranium  oxide  costs  about  $2  per 
pound  or  $4000  per  ton,  whereas 
coal  costs  but  a  few  dollars  per  ton. 
Thus  the  cost  of  energy  from  coal 
turns  out  to  be  about  8  or  9  times 
as  great  as  the  cost  of  an  equiva¬ 
lent  amount  of  energy  from  U“, 
provided  that  the  cost  of  extracting 
the  U*“  from  the  uranium  oxide  is 
completely  disregarded.  No  ac¬ 
count  is  taken  moreover,  of  the 
available  supplies  of  uranium  com¬ 
pared  with  coal,  and  the  trend  of 
the  costs  of  uranium  ore  which  will 
go  up  as  the  supply  dwindles,  or 
go  down  if  the  supply  lasts  and  the 
mining  methods  improve. 

The  crux  of  the  matter  seems  to 
be  the  cost  of  extracting  U*“  from 
U”*.  If  a  method  can  be  found 
which  costs  less  than  l/8th  or  l/9th 
the  cost  of  coal  for  an  equivalent 
energy  production,  then  U“  is  in 
direct  competition  with  coal.  Thus 
far,  however,  any  such  extraction 
method  is  only  a  dream.  The  grim 
reality  is  that  U““  costs  much  more 
to  extract  than  it  is  worth  as  an 
energy  source.  No  one  knows 
when  an  economical  process  may  be 
found.  The  whole  world  is  look¬ 
ing  for  it,  but  it  may  never  come 
to  light.  If  so,  U*“  is  just  a  flash 
in  the  scientific  pan,  so  far  as 
atomic  power  is  concerned. 

There  remains  however  one  defi¬ 
nite  utility  in  the  study  of  U* 
which  may  be  realized  much  more 
immediately.  This  possibility  lies 
in  the  “ash”  which  remains  when 
U®“  has  been  “burned.”  When 
the  U“  nucleus  splits  apart  it 
forms  two  new  nuclei  of  compar¬ 
able  weight  (roughly  100  and  140 
units  of  atomic  weight  each).  The 
position  of  these  nuclei  in  the 
atomic  table  approximates  that  of 
barium  and  the  nearby  elements. 
Actually,  some  20  different  types 
of  atoms  have  been  identified  as 
the  “combustion  products”  of  IT* » 
and  more  will  no  doubt  be  found. 
These  atoms,  moreover,  are  arti¬ 
ficially  radioactive.  Thus  a  whole 


THIS  MONTH-ILG  MOTOR  TEMPERATURE  TEST 


BURGESS  INDUSTRIAL  BATTERIES  power  ohmmeters  to  determine  tempera¬ 
ture  rise  in  fan  motors  manufactured  by  Ilg  Electric  Ventilating  Company. 
Thousands  of  industries  using  test  and  control  equipment  rely  on  Burgess 
Batteries  for  dependable  service.  Your  local  Burgess  distributor  can  fill 
your  needs  from  the  line  designed  to  meet  industrial  battery  requirements. 
For  full  information  on  the  complete  line  of  dry  batteries  write  for  the 
name  and  address  of  your  nearest  Burgess  distributor  now. 


2  OUT  OF  3  SELECTED  BURGESS  BATTERIES 

as  their  first  choice  in  a  recent  nation-wide 
survey  of  manufacturer  electronic  engineers. 
If  you  require  a  special  battery  for  a  new 
application,  Burgess  engineers  can  solve 
your  problem  with  the  right  battery  type. 
Burgess  Battery  Company,  Freeport,  Ill. 


BURGESS 

BATTERIES 


LOOSE  TALK  IS  STILL  DANGEROUS  I 
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Eliminating  "idle  time"U\ 


On  cylinder  heads  for  radial  air-  Mot-o-trol  —  an  electronic  adjust- 
craft  engines,  dozens  of  cooling  fins  able-speed  drive  with  accurate  load 
are  required.  To  handle  this  intri-  control  characteristics.  Through  its 
cate  cutting  job  automatically,  a  application,  rotating  speed  of  the 
machine  tool  manufacturer  de-  workpiece  is  greatly  increased  over 
signed  a  special  fin-milling  machine  the  light-load  sections — ^thus  elim- 
using  conventional  constant-speed  inating  *‘idle  time”.  Full  load  is 
drive  to  rotate  the  cylinder  head,  maintained  on  the  cutter  regard- 
But  preliminary  tests  showed  contour  being  cut.  By 

that,  because  of  the  varying  depths  th®se  improvements,  production 
of  the  cuts,  production  could  be  in-  stepped  up  as  much  as  30%, 

creased  if  an  adjustable-speed  drive  xhis  is  typical  of  the  modem- 
was  applied  to  rotate  the  work-  izing  possibilities  with  electronic 
piece.  Due  to  irregular  shape  of  the  equipment  in  coimtless  industrial 
worl^iece,  the  milling  cutter  was  tasks.  Your  nearest  Westinghouse 
us^lly  xmder  light  load.  At  certain  office  is  ready  now  to  supply  help- 
points  in  the  cycle,  it  was  out  of  assistance  and  information  on 
contact  with  the  metal  altogether,  electronic  applications  for  your 
Westinghouse  engineers  were  industry.  Westinghouse  Electric 
called  in  for  consultation.  Their  Corporation,  P.  O.  Box  868,  Pitts- 
recommendation;  application  of  the  burgh  30,  Pennsylvania. 

J-910M 


ELECTRONIC  MOTOR 
CONTROL 


The  Westinghouse  Mot-o-trol 
.  .  .  employing  Thyratron  tubes 
to  convert  a-c  to  d-c  .  .  .  pro¬ 
vides  wide-range  stepless  speed 
control  through  a  20  to  1  range, 
from  an  a-c  power  source.  Push¬ 
button  control  station  enables 
operator  to  start,  stop  and  con¬ 
trol  the  speed  while  the  machine 
is  running.  At  any  speed  setting, 
variations  in  load  cause  little  or 
no  change  in  speed. 


ouse 


OFRCES  EVERYWHERE 


PLANTS  IN  25  CITIES 


ELECTRONIC  EQUIPMENT  FOR  INDUSTRY  AND  HOME 


RADIO  AND  TELEVISION 


ELECTRONIC  TUBES 
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(continued) 


almost  unlimited  amounts  of  cheap 
radioactive  materials  of  various 
characteristics,  is  so  attractive  to 
the  fields  of  biology,  medicine, 
chemistry,  and  physics  that  it 
justifies  an  intense  study  of  U“ 
even  if  there  were  no  larger  impli¬ 
cations  involved  from  the  power 
standpoint. 

Two  Germans,  Hahn  and  Strass- 
man  started  the  ball  rolling  when 
they  found,  something  over  a  year 
ago  that  ordinary  uranium,  consist¬ 
ing  of  a  combination  of  isotopes, 
could  be  bombarded  by  neutrons 
and  would  supply  atoms  of  barium 
as  a  result.  Similar  transforma¬ 
tions  from  one  type  of  atom  to 
another  had  been  known  for  years, 
but  the  distinguishing  feature  of 
this  discovery  was  the  fact  that  the 
original  atom  and  the  resultant 
atoms  were  very  far  apart  in 
atomic  weight.  This  meant  that  a 
very  great  amount  of  energy  was 
given  off  in  the  process  of  disrupt¬ 
ing  the  uranium  atoms.  No  clue 
was  given  as  to  the  actual  seat  of 
the  disruption,  that  is,  whether  it 
resided  in  U“*,  U***,  U*“  or  some  other 
isotope.  Measurements  soon  show¬ 
ed  that  the  energy  released  was 
indeed  enormous,  some  200  million 
equivalent  electron  volts  in  each 
nuclear  explosion.  The  clue  to 
the  atomic  fuel  had  been  found  and 
the  rush  was  on  to  identify  and  to 
abstract  it  in  as  pure  a  form  as  pos¬ 
sible. 

No  one  knows  how  many  workers 
in  physical  laboratories  addressed 
themselves  to  these  problems  in  the 
ensuing  months,  but  it  must  have 
been  many  hundreds.  Much  of  the 
work  is  veiled  in  political  secrecy, 
hence  no  one  knows  where  the 
credit  will  eventually  go,  but  cer¬ 
tainly  it  will  belong  to  dozens  of 
men  rather  than  to  any  single 
individual.  Be  that  as  it  may,  Pro¬ 
fessor  Alfred  0.  Nier  of  the  Uni¬ 
versity  of  Minnesota  was  the  first 
to  announce  the  separation  of 
from  in  a  sufficient  amount  to 
permit  further  investigation.  He 
did  so  by  electronic  means.  A 
piece  of  solid  uranium  bromide  was 
heated  in  a  small  box  in  vacuum, 
and  the  UBr*  vapor  thereby  pro¬ 
duced  was  bombarded  by  an  elec¬ 
tron  beam  of  about  0.1  ma.  Posi¬ 
tive  ions  formed  by  collision  of  the 
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•  ••BUT  TODAY 

For  the  exocting  measurements  and  calibrations  which 
are  desirable  in  every  phase  of  radio  and  electronic 
work/  engineers  and  production  experts  insist  upon 
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2014  N.  MAJOR  AVE.  •  CHICAGO  39,  ILL 
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DUCTION 


FOR  Peacetime  Production 


For  several  months,  we’ve  been  telling  our 
friends  in  the  trade  that  we  of  Eastern  have 
completed  our  post-war  plans  and  policies— have 
perfected  the  new  line  of  Eastern  sound  equip¬ 
ment.  Our  peacetime  production  schedules  are  set 
up— BUT,  we  think  winning  the  war  is  more  im¬ 
portant  !  We’re  still  going  all  out  on  our  war  work. 


building  quality  units  for  the  Army  Air  Forces 
and  the  U.  S.  Navy,  However  (as  of  this  writing) , 
we’re  standing  by  for  Uncle  Sam’s  okay  to  start  our 
peacetime  production.  For  detailed  information  on 
Eastern’s  post-war  line,  fill  out  and  mail  the  Coupon 
today!  Eastern  Amplifier  Corporation,  794  East 
l40th  Street,  New  York  54,  N.  Y. 


EASTERN  AMPLIFIER  CORPORATION,  Dapt.  9-F 
794  East  140th  St.,  N«w  York  54,  N.  Y. 

Wo  are  □  JOBBERS,  □  DEALERS,  □  A  SERVICE  ORGANIZATION,  □  SOUND 
SPECIALISTS.  We'ro  dofinitoly  interested  in  your  post-war  lino,  your  policy,  your 
proposition.  Mail  us  complete  information,  without  obligation. 


for  complete  information  on 
our  post-war  line  and  the 
details  of  our  proposition. 


COMPANY  NAME 


ADDRESS 


.ZONE. 


.STATE. 
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electrons  with  the  UBr‘  atoms  were 
drawn  through  a  slit,  accelerated  to 
about  1000  volts  energy,  then 
caused  to  move  between  the  poles 
of  a  large  electromagnet  through  a 
semicircular  tube.  This  apparatus, 
a  mass  spectrograph,  is  used  to 
separate  atoms  on  the  basis  of 
weight,  since  the  radius  of  the 
circular  path  pursued  in  the  mag¬ 
netic  field  by  a  charged  particle 
depends  on  its  mass.  After  pass¬ 
ing  through  the  semicircular  tube, 
therefore,  the  heaviest  atoms 
(U**)  were  deflected  least  and  the 
lightest  (U““)  most.  Nichrome 
plates  were  used  to  collect  the  sepa¬ 
rated  streams  of  ions,  which  de¬ 
posited  as  uranium  atoms.  In  one 
run  of  10  hours  duration,  1.7  x  10*’ 
grams  of  U*”  were  deposited  on  one 
plate,  and  l/139th  as  much  of  U* 
(with  small  contamination  of  U* 
also  present)  on  the  other.  On  an¬ 
other  run  2.9  x  10'^  grams  of  U* 
were  deposited.  These  are  truly 
infinitesimal  amounts,  and  although 
the  yield  has  since  been  increased 
by  several  hundred  times,  the  iso¬ 
tope  can  only  be  said  to  be  isolated, 
not  made  available  in  a  practical 
sense. 

The  samples  of  U““  and  U*“  were 
then  taken  to  Columbia  University 
and  bombarded  with  neutrons  gen¬ 
erated  in  the  cyclotron  in  the 
Physics  Laboratory  by  Booth,  Dun¬ 
ning,  and  Grosse.  The  neutrons 
used  were  slowed  down  by  passage 
through  paraffin,  since  they  are 
generated  at  too  high  a  velocity  by 
the  cyclotron  itself.  In  one  run, 
only  one  fission  (atomic  disrup¬ 
tion)  in  100  minutes  was  noted  with 
U*”  and  one  every  2  minutes  was 
noted  with  U*“.  In  a  second  run 
no  fissions  were  noted  within  the 
experimental  error  with  and 
nearly  one  fission  per  minute  was 
noted  with  U®“.  This  was  the 
first  experimental  evidence  re¬ 
ported*  that  U*“  was  in  reality  the 


protects  s 
parts  AG. 
^BSORPTIGI* 


This  new  method  for  waterproofing  ceramic  surfaces  results 
in  increased  electrical  resistance  and  improved  performance 
of  equipment  under  conditions  of  high  humidity  and  con¬ 
densation.  Application  of  Dow-Corning  Fluid  No.  200  to 
ceramic  bodies  coats  them  with  an  extremely 
thin  film  of  silicone.  It  will  adhere  effec- 
tively  even  when  immersed  for  days  in  sea  / 
water  and  does  not  collect  dust  or  cor-  / 
rode  metals;  nor  will  it  react  with  organic  /  %  /%  ^ 

materials.  It  has  a  power  factor  of  the  /  ^ 
order  of  .005%  and  is  effective  up  to  /  • 

1 50°C.  It  also  acts  as  a  neutral  flux 

for  soldering,  and  is  not  removed 

by  contact  with  organic  solvents.  /  ® 

For  further  applications  and  engi- 
neering  data  write  or  phone. 
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America  Ai\sirj:REi)  inrn  airplaim:s... 

Aisi)  coMPu/n:  radio  iaji  ipmevp 

The  American  aircraft  industry  knows  what  Englishmen  meant  when  they 
said  so  many  owe  so  much  to  so  few.  For  it  was  our  aircraft  industry  that 
squeezed  out  every  available  plane  to  add  to  their  own  so  that  England 
could  fight. . . .  and  win  the  Battle  of  Britain  in  1940. 

We  at  Pacific  Division  are  proud  to  have  contributed — not  with  radio 
equipment  alone  —  but  by  designing  and  supervising  the  entire  radio 
installation  in  each  of  the  many  models  of  American  planes. 

This  was  the  first  time  such  a  job  had  been  done . . .  and  it  had  to  be 
done  in  a  hurry.  We  designed  complete  interphone  systems,  antennas 
and  filters,  and  engineered  each  into  a  network  of  controls... that  played 
their  part  in  the  spectacular  victory  of  the  R.  A.  F., 

Soon  Pacific  Division  will  announce  a  new  line  of  peacetime  VHF 
Communication  Systems  for  industry  which  we  have  been  perfecting 
over  the  past  three  years.  Our  experience  and  research,  which  have 
resulted  in  these  developments,  are  at  your  disposal  to  make  the 
greatest  possible  use  of  them  for  your  own  application.  Information  and 
engineering  assistance  are  available  to  you  NOW  without  obligation. 

t  >M(,  Btodll  Aviation  Corp, 


Thit  control  unit  wot  on*  of  many 
piocot  of  oquipntcnt  built  for  inter- 
communication  in  British  airplanes. 


To  determine  most  efficient  antenna 
for  VHF  communication  Pacific  Divi¬ 
sion  is  testing  numerous  types. 


Interior  of  Pacific  Division's  mobile 
laboratory  used  in  VHF  communica¬ 
tion  development  progrom. 


COMMUNICATION  SYSTEMS 
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trie  Company,  K.  H.  Kingdon  and 
H.  C.  Pollock,  have  separated  U"® 
-1.  .4%  ’sotopes  using  a 

‘  spectrograph.  Uranium 

tetrachloride  was  heated,  the  vapor 
bombarded  by  electrons  to  form 
the  uranium  ions  and  the  ions 
separated  by  a  magnetic  field.  An 
illustration  showing  these  men  and 
their  apparatus  appeared  in  the 
June  1940  issue  of  Electronics, 
page  74. 


The  Attack  on  the  Separation 
Problem 


The  means  of  separating  U“ 
from  on  a  large  scale  have  been 
under  active  consideration  during 
the  last  year.  Chapman  as  long 
ago  as  1917  suggested  that  separa¬ 
tion  of  isotopes  by  weight  might 
be  accomplished  by  means  of 
“thermal  diffusion”,  an  effect  which 
takes  place  when  convection  cur¬ 
rents  are  induced  in  a  gas  com¬ 
posed  of  particles  of  different 
weight.  Clusius  and  Dickel  built 
an  apparatus  for  the  purpose,  con¬ 
sisting  of  a  heated  wire  running 
on  the  axis  of  a  vertical  tube  con¬ 
taining  the  gas.  Brewer  and 
Bramley^  used  two  concentric  ver¬ 
tical  tubes  the  inner  one  heated,  the 
outer  cooled,  and  passed  gas 
through  the  space  between  the 
walls  of  the  tubes.  Furry,  Jones 
and  Onsager"  of  Harvard  and  Yale 
worked  out  the  theory  of  the  con¬ 
centric  tube  device,  but  did  not  con¬ 
sider  its  use  in  the  uranium  prob¬ 
lem.  Recently  Krasny-Ergen"  of 
the  Wenner-Grens  Institute  in 
Stockholm  applied  this  theory  to 
the  uranium  problem.  He  con¬ 
sidered  two  concentric  vertical 
tubes  10  meters  (33  feet)  long, 
the  inner  tube  4  ems  in  diameter, 
with  1.34  mm  distance  between 
the  walls  of  the  tube.  The  inner 
tube  is  heated  uniformly  to  393°  C, 
the  outer  kept  cool  at  60°  C.  The 
space  between  the  concentric  tubes 
is  filled  with  uranium  fluorjjde, 
UFo,  at  one  atmosphere  pressure. 
In  such  an  apparatus  the  lighter  U* 

■  tends  to  collect  at  the  top,  where  it 
is  caught  in  a  chamber.  The  cal¬ 
culations  indicate  that  if  the  upper 
chamber  were  allowed  to  come  to 
equilibrium  and  the  gas  drawn  off 
(discontinuous  operation),  the  con¬ 
centration  of  U*“  would  increase 


A  representative  assortment  of  Miscella¬ 
neous  and  Electrical  Instrument  Magnets. 


T# 

he  Arnold  Engineering  Company  has  a  completely  inte¬ 
grated  plant  for  the  manufacture  of  Alnico  Permanent 
Magnets,  from  the  melting  and  casting  of  the  raw  mate¬ 
rials  to  the  final  fabrication  of  the  completed  magnets. 
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T*mll* 

Sh>ngft 


Color 

Rongo 


Forms* 

Suppliod 


Molding** 

Mothods 


Impact 

Rosislonco 


Hoot 

Rotitlonco 


Dlmontionol 

Stability 


Eloctrical 
I  nswlotion 


CEREX . 


I,C,E 


good 


oxcollont 


oxcollont 


extonsivo 


good 


to  230®  F. 


good 


•.C,E 


FIBESTOS  (coHiHoso  acototos)  .  . 


good  to 
oxcollont 


to  120  — 
160®  F. 


fair  to  good 


MC,S,R,T 


oxcollont 


vnlbnitod 


unllmilod 


LUSTRON  (polyttyfono)  .  .  . 


good 


I.C.E 


to  1 80®  F. 


oxcollont 


oxcollont 


good 


good 


unllfflitod 


Spociol 

oiothodt 


NmtON  (collulooo  nUrotot)  .  . 


vory  good 


fair 


oxcollont 


to  140®  F. 


MC.IR 


good 


all  but  light- 
ott  colors 


oxcollont 


oxcollont 


vory  good 
to  oxcollont 


to210  — 
380®  F. 


MC,IR 


RESINOX . 

(phonol  formoldoliydos) 


good  to 
oxcollont 


darfcor  colors 
only 


good  to 
oxcollont 


oxcollont 


good  to 
vory  good 


to  230  — 
450®  F. 


•.C,E 


good 


tho  bost 


unlimitod 


styramic  ht  .  .  . 

(FolydlcWorostyrono) 


to  236*  F. 


oxcollont 


good 


•,C,E 


oxcollont 


unlimitod 


oxcollont 


styramic  .... 

(modHlod  potystyrono) 


good 


good 


to  1 84  — 
187®F. 


Complotoly  rooctivo  thormosotting  rosin  for  improsslon  molding.  Bonds  gloss  doth,  fabric  or  papor  tntolorgo  panols  or  Intogratod  forms  In 
short  curing  cydos,  with  low  tomporaturos  and  no  prossuros.  Matorial  is  rigid,  iniolublo,  fusiblo,  highly  rosiitant  to  abrasion,  hoot  and  wotor. 


Mr  no  n  ol  m  today  for  evt 

g  II I  d  6  “ 

^  ment  who  is  r 

fo  the  best  use  of  plastics  Obpportunitieft 

^  in  postwar  radios  ^ 


New  idastics  with  new  properties 
smd  older  plastics  with  improved 
formulations  pose  a  resd  problem 
today  for  every  designer  of  post- 
^^WEur  radio  and  electronic  equip¬ 
ment  who  is  responsible  for  getting 
^full  advantage  out  of  his  material 


Monsanto  is  in  a  particularly 
favorable  position  to  help  at  this 


time,  with  one  of  the  broEbdest  anH 
most  versatile  series  of  plastics  in 
the  whole  industry . . . 

For  example,  take  these  nine 
basic  plastic  applications  which 
are  typical  of  hundreds  that 
exist:  in  every  one  of  them 
Monssmto  is  able  to  offer  one  or 
more  plastics  especially  suited  to 
that  use. 


*MC — moldina  compounds  S — shoots  R — rods  T — tubos  IR— Industrial  rosins 

**\ — Injoction  C— comprossion  E— oxtrusion  T — transfor,  form  of  comprossion 


If  you  have  the  responsibility  of  getting  the 
most  out  of  the  materials  you  specify  for 
your  company’s  radio  products,  it  may  pay 
3^  well  to  check  over  this  chart  now. 
Inen  if  you  have  more  questions,  ccdl  on  a 


Monsanto  consultant;  he  will  help  you  put 
your  finger  on  the  right  plastic,  and  the 
right  way  to  use  it.  Write,  wire  or  phone: 
Monsanto  Chemical  Company,  Plastics 
Division,  Springfield  2,  Massachusetts. 


CONSOLE  CABINETS 

Thalid  impression  molding 


TABLE  MODELS 

Cerex  •  Resinox 


ESCUTCHEONS 

Thalid  impression  molding 
Fibeslos  •  Lusiron  •  Resinox 


TELEVISION  OPTICAL  LENS 

Lusiron 


CONTROL  KNOBS 

Fibeslos  •  Lusiron  •  Resinox 


HOUSINGS,  RELAY-SWITCH, 
CAPACITORS 
Cerex  •  Resinox  .  Resimcne 
Slyramic  HT 


MONSANTO  PLASTICS 


THAUD 


Monsanto 

PufTncs 

lll.iac  a. am. 


SPEAKER  CONE  ASSEMBLIES 

Resinox  bonded  pulp  and  paper 
Thalid  impression  moldings 
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compactness 

with  ACRO  Switches 


*  Mechanism  of  the  patented  Aero  Rolling 
Spring  switch  lends  itself  to  adaptation 
in  various  shapes  to  fit  the  design  of  your 
units.  Multiple  mountings — ^flat  or  vertical 
—end  to  end,  or  side  by  side.  Small  case 
shapes — rectangular  or  curved.  Various 
types  of  brackets  for  flexibility  of  mounting. 
Actuation  pressure  as  low  as  two  grams 
(using  leaf  bracket)  or  as  high  as  1  Va  lbs. 
Surely  one  of  the  many  ACRO  Model  “M” 
designs  should  fit  your  needs.  Send  your 
design  details  showing  space  dimensions 
and  operating  features  for  quicker  reply. 

ACRO  ELECTRIC  COMPANY 

1316  Superior  Avenue  Cleveland  14,  Ohio 


6.7  times  in  80  days.  In  other 
words,  the  percentage  of  U*"  would 
be  4.8  per  cent  the  amount  of  the 
U”*.  Furthermore  42.8  milligrams 
of  the  gas  mixture,  4.8  per  cent  of 
which  would  contain  U*®,  could  be 
drawn  off  per  day.  If  the  gas  were 
drawn  off  continuously  only  28.3 
milligrams  having  the  same  per¬ 
centage  of  U*®  or  about  1  milli-  / 
gram  of  U““  per  day  would  be 
obtained. 

The  cost  of  heating  a  4  cm  tube 
33  feet  long  to  393°  C  and  of  keep¬ 
ing  the  other  tube  near  it  at  60°  C 
was  not  estimated  in  this  analysis, 
but  it  would  appear  to  be  consider¬ 
able.  Since  a  milligram  of  U“  has 
the  power  potential  of  5,000  grams 
(11  pounds)  of  coal,  the  aparatus 
must  be  capable  of  being  operated 
with  considerably  less  than  11 
pounds  of  coal  for  each  milligram 
of  U“®  produced.  Whether  such  a 
ratio  would  exist  must  remain  a 
question  to  be  settled  by  experi¬ 
ment.  Krasny-Ergen  and  his  col¬ 
league  Grabe  began  construction 
of  the  tube  just  described,  but  the  ' 
work  had  to  be  discontinued  “be-  j 
cause  of  the  political  situation”.  ! 

The  matter  stands  at  present  j 
waiting  for  a  conclusive  demon¬ 
stration  that  the  chain  reaction  of  j 
U*®  is  indeed  a  reality,  and  this  j 
must  await  the  separation  of  much  j 
more  of  the  isotope  than  has  been  | 
reported  up  to  the  present.  When  ^ 
this  event  takes  place,  the  impor-  ^ 
tant  questions  of  the  rate  at  which  j 
the  energy  is  released,  and  the  i 
methods  of  controlling  this  rate  | 
(by  dilution  of  the  U®®  with  inert  I 
atoms,  for  example)  will  be  deter-  | 
mined.  All  these  are  scientific,  not  i 
engineering,  questions.  The  prac-  | 
tical  utilization  of  atomic  power  II 
must  wait  the  answer  to  such  ques¬ 
tions,  and  it  must  certainly  await  I 
the  development  of  economical 
methods  of  producing  the  new  fuel 
before  it  can  possibly  enter  into 
the  industrial  economy.  In  the 
meantime  U®*  is  an  isotope  to 
watch.  It  may  be  going  places.— 
D.G.P. 
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foduces 


Photograph  courtesy  of  AirodTo, 
Incorporated,  designers  and 
manufacturers  of  radar  and 
electronic  test  and  com¬ 
munication  equipment. 


Before  it  was  redesigned  by  Airadio,  Incor¬ 
porated,  Stamford,  Conn.,  this  chassis  for 
radar  equipment  weighed  17^  pounds.  Made 
with  Alcoa  Aluminum  the  weight  was  reduced 
to  13  pounds  and  5  ounces. 

Reduction  of  weight  is  only  one  of  many 
advantages  provided  by  aluminum.  It  is  easily 
workable,  gives  excellent  thermal  conductivity, 
superior  electrical  conductivity  and  furnishes 


a  bright  surface  for  stenciling  markings. 

Further,  Aluminum  is  nonmagnetic  ...  it 
can  be  silver-plated  to  meet  high  frequency 
requirements.  Alcoa  engineers  will  be  glad 
to  help  you  find  the  best  way  to  use  aluminum 
in  your  electronic  equipment.  Alcoa  advice 
is  based  upon  what  is  best  for  you.  Aluminum 
Company  of  America,  2136  Gulf  Building, 
Pittsburgh  19,  Pennsylvania. 
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Coils  removed  from  form,  after 
which  they  ore  toped  with  SCOTCH 
Tape. 


After  winding,  SCOTCH  Tape  is 
passed  through  coils  in  two  places, 
adhesive  side  against  coils. 


ATOMIC  POWER 


(continued) 


Same  coils  with  SCOTCH  Tape  on 
the  outside  with  adhesive  side  in. 


Review,  March  13,  1940  (Vol.  57,  p.  .146) 

3.  Brewer  and  Bramley,  Physical  Revieu 
55,  509A  (1939). 

4.  Furry,  Jones  and  Onsager,  Physical  Re¬ 
view,  June  1,  1939  (Vol.  55,  p.  1083). 

5.  W.  Krasny-Ergen,  Letter  to  the  Bditor 
Nature,  May  11,  1940. 

See  also  an  article  in  Electrical  Enyiucet-. 
ing,  February  1940.  by  Enrico  Fermi. 


Pulse  Emission  Characteristics 
of  Oxide  Cathodes 

Short-time  thermionic  emission 
from  oxide-coated  cathodes  was  in¬ 
vestigated  at  Cornell  University 
and  reported  in  the  Physical  Re¬ 
view  for  March  1945  by  Robert  I. 
Sproull.  The  effect  of  cathode¬ 
coating  thickness  on  emission,  the 
decay  characteristic  during  emis¬ 
sion,  the  effect  of  cathode  tempera¬ 
ture  and  of  length  of  emission  and 
non-emission  periods  on  the  emis-  1 
sion  character  were  studied. 

A  cylindrical  experimental  diode 
was  used  for  measurements.  Rep¬ 
resentative  types  of  cathode  coat¬ 
ing  upon  which  measurements  were 
made  are  given  in  the  accompany¬ 
ing  table.  Cathode  temperatures 
were  observed  with  an  optical 
pyrometer.  Plate  voltage  for  the 
diode  was  supplied  by  a  rectangu¬ 
lar  wave  generator  in  which  the 
period  and  the  relative  duration  of 


Field  coils  for  aircraft  motor  being 
covered  with  %*  SCOTCH  Tape. 
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(lectUcat  TAPES 


Fig.  I — Measured  decay  characterislici 
of  tube  No.  II  at  different  temperotorei 
are  shown  by  circles;  lines  show  theo¬ 
retically  calculated  curres.  Data  cmd 
calculations  were  normalized  to  stcvt 
at  the  same  initial  current 


positive  and  negative  parts  of  the 
cycle  were  variable  in  steps.  To 
avoid  spurious  interference,  the 
multivibrator  oscillator  generating 
these  pulses  was  synchronized  to 
the  power  line,  and  all  power  sup¬ 
plies  were  electronically  regulated. 

A  special  peak-reading  compari¬ 
son  vacuum-tube  voltmeter  with  » 
calibrating  pulse  source  was  us^ 
to  measure  the  decay  characteris¬ 
tic  of  the  emission  pulse  current. 

Observed  emission  behavior  i* 
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Provide  time  saving  and  material  saving 
shortcuts  in  coil  and  motor  work 

Motor  insulating,  coil  winding,  strapping 
electrolytic  condensers,  etc.  are  speeded  up 
and  simplified  by  time-saving  shortcuts  made 
possible  by  “SCOTCH”  Tape.  Accompanying 
pictures,  taken  in  the  plant  of  the  Holtzer 
Cabot  Electric  Co.,  Boston,  Massachusetts, 
show  how  “SCOTCH”  Electrical  Tape  (EB)  is 
used  to  fasten  the  coils  from  the  winding 
machine  to  the  finished  job. 

In  making  multiple  coil  forms  “SCOTCH” 
Tape  performs  important  functions.  After 
winding  it  holds  wires  neatly  in  place  during 
storage  and  installation.  Applied  to  slot  insula¬ 
tion  with  a  “SCOTCH”  Edger  “SCOTCH”  Elec¬ 
trical  Tape  provides  tear-proof  reinforcement. 

Whether  the  requirements  call  for  very  high 
dielectric  and  tensile  strength,  an  extra  firm 
adhesive  for  edging  slot  insulation,  greater 
than  ordinary  resistance  to  corrosion,  stepped 
up  moisture  resistance,  extreme  resistance 
to  electrolysis— there  is  a  type  of  “SCOTCH” 
Electrical  Tape  possessing  exactly  the  qual¬ 
ities  required.  Our  book  on  “SCOTCH”  Elec¬ 
trical  Tapes  tells  the  whole  story.  Use  the 
coupon  belgw,  today,  to  secure  your  copy. 


E945 

Please  send  a  copy  of  your  new  book  on  "SCOTCH"  Electrical  Tapes. 


Firm 

CUy 

TUh 

1  — —  ■ 

“scotch”  is  the 
trade-mark  for 
the  adhesive 
tapes  made  by 
M.  M.  and  M.co. 


iglfiAficfince  to  you 


Today,  Machlett  rotating*anode  tubes 
give  over  200,000  exposures,  over  ten 
times  the  normoi  life  expectancy  of  X*ray 
tubes  of  only  a  few  years  ago,  and  more 
than  fw/ce  that  of  pnsant-day  conventional 
stationary-anode  tubesi  This  is  the  preferred 
type  for  use  in  mass  health  surveys  and 
busy  institutions  where  the  load  is  too  great 
and  too  constant  for  any  other  tube.  You 
will  be  interested  in  the  full  story  of  the 
Dynamax  —  write  for  your  copy  today;  it 
will  be  sent  with  our  compliments. 

True  enough,  the  Dynamax  is  an  X>ray 
tube— but  all  electron  tubes  are  brothers 
under  the  skin.  The  engineering  talent,  the 
techniques  and  the  manufacturing  skill  which 
produced  the  first  really  successful  rotating* 
anode  tube  are  the  same  that  now  guar¬ 
antee  the  performance  and  advanced 
features  of  all  Machlett  electron  tubes,  for 
all  purposes,  whether  in  the  fields  of  radio 
or  industry.  It  will  pay  you  to  use  this  back¬ 
ground  of  electron  tube  engineering  and 
production  skill  by  choosing  a  Machlett 
when  you  need  an  oscillator,  amplifier, 
modulator  or  rectifier.  Machlett  Labora¬ 
tories,  Inc,  Springdale,  Connecticut. 


X^HEN  first  announced,  in  1938,  the 
'  Machlett  Dynamax  represented  the 
solution  of  the  most  difficult  problems  ever 
tncountered  in  electron  tube  manufacture 
'-paralleled  only  by  the  Machlett  VM-1, 
the  first  precision,  sealed -off,  2,000,000- 
volt  dc  tube. 

The  Dynamax  was  designed  to  meet  the 
demand  for  a  dependable,  high-capacity 
X*ray  tube  that  would  give  much  sharper 
definition  under  the  most  adverse  condi¬ 
tions.  The  desired  results  could  be  obtained 
only  by  using  a  very  small  focal  spot,  and 
on  electron  beam  of  high  energy,  100  KV, 
-5  amp.  Concentrating  so  much  energy  on 
0  small  spot  meant  destruction  of  target  and 
bbe  unless  the  heat  could  be  dissipated. 
Rotating  the  target  was  found  to  be  the 
•nost  effective  means  of  protection,  but  this 
produced  a  much  greater  problem,  that  of 
lubricating  the  motor  bearings  inside  the 
onvelope  without  impairing  the  vacuum 
Ibough  distillation  of  the  lubricant.  A  novel 
••♦hod  of  coating  the  bearings  with  a  film 
•f  pure  metallic  silver  was  developed  by 
Machlett  engineers,  with  the  result  that  the 
Weakest  spot  became  the  strongest. 
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Again 

Available 
Without 
L  Priorities 


LINGO 

VERTICAL  TUBULAR 
STEEL  RADIATORS 

Prompt  Shipment 
From  Material^  In  Stock 


Your  post-war  plans  take  a  decided 
spurt  now  that  Lingo  Radiators  are 
pwority-free!  Because  of  the  lim¬ 
ited  amount  of  materials  on  hand, 
production  must  be  concentrated 
now  on  radiators  not  exceeding 
250  ft.  in  height.  Regardl^  of 
whether  you  are  ready  to  install 
now  or  not— order  your  Lingo  Ra¬ 
diator  now.  It  will  be  constructed 
on  a  first-come,  first-served  basis 
and  delivered  when  you  want  it. 

Place  Your  Order  NOW  I 

PUast  include  in  your  inquiries  the 
radiator  height  required  and  approxi¬ 
mate  site,  so  that  complete  questions 
can  be  made  immediately,  covering  the 
radiator  itself  and  its  subsequent  erec¬ 
tion,  when  so  desired. 

JOHN  E.  LINGO  &  SON,  INC. 

EST.  1897  GMNDEN,  NEW  JERSEY 


explained  on  the  theory  that,  under 
the  influence  of  the  electric  field 
that  draws  off  electrons  from  the 
emission  surface,  the  barium  (or 
strontium,  or  calcium)  ions  formed 
by  the  loss  of  emission  electrons 
are  induced  to  drift  from  the  out¬ 
side  crystal  surface  back  into  the 
emission  layer.  (Measurements 
indicated  that  from  6  to  50  percent 
of  the  total  conduction  current 
within  the  crystals  is  ionic) .  Thus 
the  instant  emission  begins,  the 
surface  is  covered  with  low  work- 
function  barium  atoms,  but  after 


Fig.  2 — Initial  ond  final  cunent  values 
for  various  tubes  at  different  temper¬ 
atures 


a  short  period  of  emission  the  sur¬ 
face  is  composed  of  ions  and  atoms 
thus  having  an  apparently  higher 
work-function.  Equilibrium  is 
reached  when  the  rate  of  inward 
ionic  diffusion  and  creation  of  ions 
at  the  surface  are  equal.  Equa¬ 
tions  for  the  decay  from  initial  to 
final  value  of  the  emission  current 
derived  from  this  theory  check 
with  observations  as  shown  in 
Fig.  1. 


Effect  of  PuUea 

To  determine  the  dependence  of 
emission  decay  on  the  duration  and 
repetition  rate  of  pulses,  emission 
duration  was  varied  from  100  to 
300  microseconds  at  a  repetition 
rate  of  SO  pulses  per  second.  No 
change  in  decay  rate  was  observed. 
Repetition  rate  was  varied  from 
20  to  120  pulses  per  second  at  an 
emission  duration  of  300  micro¬ 
seconds,  and  no  change  in  decay 
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HUNTINGTON  19  •  WEST  VA 


for  glass  to  metal  sealing 


We  offer  you  the  services  of'an  expert  staff  of  gl^l8S 
technidems  who  have  a  pre*war  backgroxmd  in  the  memu> 
facture  of  spedal  purpose  glasses,  and  a  war-bom 
experience  and  performance  record  in  meeting  critical 
toleremce  requirements  for  spedal  shapes  to  exacting 
physical,  electrical  emd  chemical  spedfications. 


ZENITH 

DPTICAL 

COMPANY 

d 


Your  inquiry  will 
rocoiTo  our  prompt 
attontion. 
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rate  was  observed.  However  at  a 
frequency  of  600  cycles  per  second, 
Che  ratio  of  initial  to  final  current 
was  reduced  about  20  percent  indi¬ 
cating  that  the  surface  did  not 


Table — Compoiition  ond  tbickneu  of 
typical  cootinge  used  in  the  tests 

CompoBtioD  Thiekncn 

Tube  No.  (by  weight  in  %)  (mg/cm*) 

BtO  SrO  CsO 


have  sufficient  time  to  recover  from 
its  partially  ionized  state.  This 
test  was  conducted  on  tube  No.  8 
at  a  cathode  temperature  of  920 
degrees  Kelvin. 

Effects  of  temperature  are  given 
in  Fig.  2.  Decay  was  found  to  be 
independent  of  the  oxide  coating 
thickness  within  the  range  of  thick¬ 
ness  indicated  in  the  table. 


Navy  Radio-Technician 
Training 

By  Ruth  Lawyer 

Editor,  Technical  Education  News 
McOraw-Hill  Booh  Co.,  Inc. 

To  TRAIN  OPERATORS  and  service 
men  for  the  multiplicity  of  elec¬ 
tronic  equipment  carried  by  Naval 
ships  and  planes,  the  Navy  is  con¬ 
ducting  an  enlarged,  accelerated 
technical  training  program.  Belle¬ 
vue,  the  permanent  Navy  Radio 
Materiel  School,  shares  with  the 
Naval  Research  Laboratory  a  site  on 
the  Potomac  a  few  miles  from  the 
center  of  Washington.  Three  other 
temporary  schools  —  Treasure 
Island,  San  Francisco;  Navy  Pier, 
Chicago ;  and  Corpus  Christi,  Texas 
(the  latter  devoted  to  training  in 
airborne  equipment)  —  carry  on 
similar  programs. 

At  Bellevue,  there  is  a  staff  of 
168,  a  student  enrollment  of  1900, 
with  135  new  men  entering  every 
two  weeks. 

All  the  faculty  have  been  through 
the  school  themselves.  Command¬ 
ing  officer  Comdr.  Raymond  Cole, 
USN;  executive  officer  Lt.  Comdr. 
Nelson  M.  Cooke,  USN;  and  tech¬ 
nical  training  officer  (correspond¬ 
ing  to  dean  of  students)  Lt.  F.  C. 
Atnip,  are  familiar  from  years  of 
experience  with  the  ways  of  the 
Navy.  Intercom  systems  connect 


ARACTERISTIC  Astatic  Low  Pressure 

A  Q<|F  A  Crystal  Pickups  have 

contributed,  as  no 
•  ^  other  phonograph 

part,  to  long  record  life  and  quality  reproduction  of 
recorded  sound.  An  even  higher  standard  of  phono¬ 
graph  performance  is  assured  with  Astatic  Pickups 
of  tomorrow,  incorporating  not  only  the  principle 
of  featherweight  pressure,  originally  introduced  by 
Astatic,  but  dramatically  new  and  improved  features 
for  increased  enjoyment  of  modern  recordings.  In 
the  measure  that  FM  will  contribute  to  the  improve¬ 
ment  of  radio  reception,  so  will  Astatic’s  finer 
Crystal  Pickups  advance  the  fidelity  of  phonograph 
record  reproduction. 


ASTATIC  Crystal  Devices 
manufactured  under  Brush 
Development  Co.  patents. 
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still  in  the  lead! 

As  recently  announced,  REL  is  prepared  to  furnish 
to  the  FM  stations  now  on  the  air,  power  converting 
devices  applicable  to  transmitters  of  any  manufacture, 
which  will  furnish  one  or  three  kilowatts  output  power 
at  any  frequency  in  the  new  hand  (88-108  megacycles.) 


THE  REL  CONVERTER 

\  •  Enables  the  station  to  transmit 
simultaneously,  in  addition  to  its  old 
frequency,  the  new  frequency  during  the 
important  interim  period  of  operation. 

Requires  no  additional  monitoring 
of  the  audio  program  as  one  monitor 
controlling  point  takes  care  of  both  fre¬ 
quencies. 


3*  Furnishes  you  with  a  relatively  in¬ 
expensive  method  of  operation  during 
the  transition  period. 

4.  lhM>  iiol  lo  he  discarded 

- il  \>ill  he4‘oiiie  llu*  future  aui|»lifi<M‘ 

porliuii  oi  llie  new  Iraiisinitler.  An 
VruisiroiijL;  pliasi*  shift  iiiodiilatur 
eaii  then  he  supplied  hy  us.,  which, 
wlieii  added  lo  the  pow«*r  ani|>lifier 
>eeliou  of  the  eoiiverl<*r  will  eoiisti- 
liile  a  eoiiiph'le  iicm  oiu'  <u’  three  K\\ 
Iraiisuiitler. 


Consult  us  immediately  for  prompt  delivery  of  your  order,  pending  lifting  of 

present  restriction. 


MICHIGAN 

M.  N.  Duffy  &  Co..  Inc. 
2040  Grand  River  Ave.,  ^ 
Detroit,  Mich. 


REt: 


Sides  Representatives 
MIDWEST 

REL  Equipment  Sales,  Inc. 
612  N.  Michigan  Rlvd. 
Chicago,  III. 


PACIFIC  COAST 
N.  B.  Neeley 
5334  Hollywood  Blvd. 
Hollywood,  Cal. 


PIONEER  MANUFACTURERS  OF  FM  TRANSMITTERS  EMPLOYING  ARMSTRONG  PHASE-SHIFT  MODULATION 


RADIO  ENGINEERING  LABS.,  INC. 

t  N.Y. 
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IF  YOU  WANT 
SUB-ZERO 
TEMPERATURES 


This  Kold-Hold  electrical  re¬ 
frigeration  cabinet  will  hold 


down  to  MINUS  150  DE- 


GREES  consistently. 

Its  load  chamber  is  only  14*^ 
from  top  to  bottom — hence 
a  minimum  temperature  gradi¬ 
ent  between  those  points. 
This  assures  uniformity  of  cold 
treatment  throughout  the  load 

and  avoids  thermal  shock  in  work  parts — no  checking  or  fractures. 

In  addition,  the  load  chamber  is  long  enough  (either  25"  or  55")  so 
that  work  parts  may  be  laid  flat  instead  of  being  processed  vertically — 
another  assurance  of  uniformity. 

A  heavy  wear  plate  on  top  materially  assists  the  operator  in  boding 
and  unbading.  A  flat  top  gives  him  convenient  working  room. 

No  trouble  due  to  trapped  oil  in  the  evaporator  because  this  unit 
includes  a  Serpentine  evaporator,  the  only  one  that  cannot  short- 


department  and  division  offices, 
showing  that  the  school  not  only 
teaches  electronics  but  also  uses 
electronics. 

During  the  seven  months’  work, 
students  attend  lecture,  laboratory, 
and  supervised  study  in  the  ratio 
4-6-2.  Work  is  so  scheduled  that 
each  man  has  an  opportunity  to 
work  with  each  piece  of  equipment 
Most  of  the  students’  time  is  spent 
in  the  advanced  laboratory-shop,  al¬ 
though  they  acquire  underlying 
theory  at  the  same  time.  The 
United  States  Armed  Forces  Insti¬ 
tute  has  evaluated  the  work  as  the 
equivalent  of  twelve  semester  hours 
of  college  credit. 


Matriculation 


drouit. 


The  whole  unit  is  built  especially  for  industrial  service — sturdy,  simple 
and  easy  to  operate. 


Students  are  selected  from  the 
upper  twelfth  of  the  enlisted  men. 
Entrance  requirements  are  high 
with  the  result  that  only  about 
three  percent  flunk  out  because  of 
academic  failures.  Most  of  the  en¬ 
tering  men  are  high-school  gradu¬ 
ates  and  more  than  half  have  had 
some  college  training. 

Aptitude  rather  than  previous 
schooling  is  the  basis  for  admission. 
There  are  general  classification 
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behave  lo  specifications! 


Fiberglas-Mica  Combinations  were 
developed  to  meet  the  needs  of  the 
Electrical  Industry  for  Insulating  Tapes 
and  Sheets  which  could  withstand  the 
extremes  of  dielectric,  heat  and  moisture 
and  have  great  mechanical  strength 
despite  extreme  thinness  to  meet  speci-  > 
fications  for  minimum  weight  and  apace.  gl 


cally  since  it  must  be  used  in  the  form 
of  built-up  splittings  of  very  fine  film 


Fiberglas-Mica  Combinations  are  espe¬ 
cially  recommended  for  Generator, 
Motorand  Transformer  Coils;  Slot  Liner, 
Core  and  Ground  Insulation;  Phase  and 
End  Winding  Insulation;  Primary- 
Sacondary  Separation;  Coil  Exteriors, 
able  Splices,  etc.,  t 


the  In  order  to  take  advantage  of  the  insu 
re  lating  values  of  Mica  and  to  overcome 
ft  its  mechanical  deficiencies  a  reinforce¬ 
ment  was  found  to  be  necessary.  Fiber- 
glas,  with  its  great  mechanical  strength 
plus  its  high  temperature,  dielectric  and 
excellent  moisture  resistance,  proved 
.to  be  the  ideal  reinforcement  for  Mica 
Splittings. 


Mica,  <u  is'well  knownrwhile  one 
d  the  most  satisfactory  materials 
hr  electrical  insulation  because  of 
high  dielectric,  high  compres- 
lion  strength  and  high  heat 
mbtonce,  is  weak  mechani-. 


ary-  Fiberglas-Mica  Combinations 
ers,  have  all  the  desired  qualities 
to  combat  severe  service  i 
hazards;  great  mechanical  J 
strength,  non-stretch,  no  need  m 
to  varnish,  available  in  any 
thickness  from  .010  to  35  mils, 
high  temperature  resistance 
beyond  150**  C^  and  ex- 
tremely  high  dielectric. 


far  talUlfa  HC  2-1,  it  t«lfe  iW ' 
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FIBpeiJS-MfCArOfM 

MF6-0  RKicta  wMi  S-mit  Pibargkv  on  only 
turfoca  of  iImi  Mko.  Avaitobla  in  ovaroil'tti 
i  naa^taNolim  from  10  to  ;IK>  «Ai  InciMiva 
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[nuM  ranging  froa^O  to  25  mit* 
llAfQ-t  '  ma<fa  with  ij^ii 
»  faca  of  tha  Mica,  with  42*aiK 
tfca  otter  tida.*  AvdpMa  in  ovnraHipMigi 
f  rcingMg  from  20  to  indwiva 

^  mad*  by  bondrng  t-ndf  pajpat:ia  'ona’'»dtfaaa'm^ 
tte  Mioo  and  S-mil  Fibargiot  to  tte  othitr.  Avc^ 

.  obia  bi  two  ovarail  fMcknatia*— 6  ond  t  mil*  of^ 
[proxlinataly,*4.  MFC-4  moda  with  ona^ftirfoca 
,  of  l-ffiil  popar  and  with  T-niff  f^bargio*  on  tte- 
r  oppofita  tida'  of  tte  Mka,  AvaHobia  in  gyar^ 
;  thklmatiaf  of  10,  12  ond  15  mit« ...  1  MFC-5 
moda  with  S-mii  Fibargio*  on  ona  surfdea  of 
^Mica,  btft  with  15-mfi  Fibarglos  on  tha  othar-aidai 
'  Availabia  in  thidwaua*  ranging  from  25^ to  35; 

imdaaiva.  '  vl 
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MITCHELL-RAND  INSULATION  COMPANY,  INC. 


51  MURRAY  STREET 


COrtlandt  7-9264 


NEW  YORK  7,  N.Y. 


Fiberqias  Broided  SIcrvinq 
Cotton  Topot,  Webbinqs- and  SIccvinqt 
Improqnatod  Varnish  Tubinq 
Insulatinq  Varnishes  ot  all  typos 
Estruded  Plastic  Tubinq 


Fiborqlos  Varnished  Tape  and  Cloth 
Insulatinq  Papers  and  Twines 
Cable  Pillinq  and  Potheod  Compounds 
Friction  Tope  and  Splice 
Transfarmer  Compounds  i 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 
rV  erqias  Saturated  Sleevinq,  Varnished  Tubinq 
As  estos  Sleevinq  and  Tape 
Varnished  Cambric  Cloth  and  Tape 
Mica  Plate,  Tape,  Paper,  Cloth,  Tubinq 
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mathematics  through  trigonometij 
basic  electrical  fundamentals,  vs 
uum-tube  theory,  and  the  mecha^ 
cal  techniques  of  the  radio  trade 


Courses 


To  train  the  men  so  that  tW 
can  install,  maintain,  and  repd 
every  type  of  electronic  equipmd 
aboard  ship,  they  are  given  a  seva 
part  course  the  curriculum  of  whii 
is  summarized  in  the  followid 
paragraphs.  1 

Division  1 :  Completion  of  fud 
amentals  learned  prior  to  enterii] 
the  school  ends  the  ground  work  li 
the  students.  They  work  on  mea 
uring  equipment  and  learn  the  prii 
ciples  of  oscilloscopes. 

Division  2 :  In  all  subsequent  d 
visions,  study  centers  around  anal; 
sis  and  operation  of  actual  Navi 
equipment.  Working  in  the  laboii 
tory  in  groups  of  three,  the  roe 
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WORLD’S 


FASTEST  PLANE 

iliei 

ANDREW  COAXIAL 


CABLES! 


Lockheed*  8  sensational 
new  jet-propelled  su¬ 
per  fighter,  the  P-80 
^^Shooting  Star,**  is 
the  world*8  fastest  and 
highest  flying  plane. 


miliorixe  itudents  with  basic  drcu; 


^  It  is  highly  significant  that  Andrew 
"  ^  coaxial  cables  were  chosen  for  the  vital 
radio  and  radar  equipment  installed  in  the 
P-80.  They  were  selected  because  they  are 
much  more  resistant  than  ordinary  solid 
dielectric  cables  to  the  high  temperature 
encountered  in  the  tail  of  the  plane. 

Andrew  Co.  is  a  pioneer  manufacturer  of 
antenna  tuning  and  phasing  equipment,  in¬ 
cluding  a  complete  line  of  ceramic  insulated 
coaxial  cables  and  all  necessary  accessories. 
IP rite  for  catalog. 


363  EAST  75th  STREET,  CHICAGO  19,  ILLINOIS 


CTiON  citcuiT  SArm  PttST  m  cmcuit,  moTicriON  cmcutr  Sjy 
ntST  IN  CItCUIT  raOTKTION  CMCUIT  SAfRY 
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Ranging)  equipment.  This  includes 
studies  of  the  physics  of  sound; 
echo-ranging,  listening  and  sound¬ 
ing  equipment;  and  plotters,  re¬ 
corders,  and  indicators. 

Sonar,  used  in  submarine  war¬ 
fare,  depends  upon  the  echo  of  sup¬ 
ersonic  frequencies  sent  through 
the  water.  Students  learn  how  to 
install  and  operate  this  equipment. 
Units  are  installed  for  demonstra¬ 
tion,  often  necessitating  variations 
by  the  maintenance  staff  to  simul¬ 
ate  shipboard  operation. 

Recently  installed  sonar  equip¬ 
ment  is  built  into  a  two-story  ar¬ 
rangement  with  receiver-indicators 
on  the  upper  deck,  the  hoist-train 
equipment  and  drivers  on  the  lower 
deck,  and  the  supersonic  sound  proj¬ 
ectors  submerged  in  a  tank  below. 

Division  5:  The  applications  of 
these  same  echo  principles  are  stu¬ 
died  in  connection  with  radar  (RA- 
dio  Direction  And  Ranging.)  The 
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Bvfora  leoring  school,  radio  technicioai 
bocome  familiar  with  Norol  conunnoi- 
cotton  ond  ncnrigatton  eqittpmral 
through  loboratory  work 


equipment  on  which  the  students 
work  includes  microwave  search 
gear,  air  search  and  surface  search 
radar,  fire  control,  identification, 
and  counter  radar. 

The  fundamental  operation  of  all 
these  units  is  that  distance  can  be 
accurately  measured  by  transmit¬ 
ting  pulses  of  radio  energy  and  re¬ 
ceiving  these  pulses  as  reflections 
from  distant  objects.  Intricate  elec¬ 
trical  timing  and  amplifying  cir¬ 
cuits  and  cathode-ray  visual  indi¬ 
cators  are  used.  The  signal  indica- 
.tion  on  the  calibrated  oscilloscope 
gives,  at  a  glance,  the  range  to  an 
echoing  object. 

Direction  can  be  determined  by 
sending  out  beams  of  radiant  en- 
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To  Moot  Your  Specifications 


Remember  Alliance! 

—YOUR  ALLY  IN  WAR  AS  IN  PEACE 


PERFORMANCE  is  the  real  measure  of  success  in  winning 
the  war,  just  as  it  will  be  in  the  post-war  world.  New  and 
better  ideas — production  economies — speed — all  depend  upon 
inherent  skill  and  high  precision  . . .  For  many  years  our 
flexible  organization  has  taken  pride  in  doing  a  good  job  for 
purchasers  of  small  motors.  And  we  can  help  in  creating  and 
designing,  when  such  service  is  needed.  Please  make  a  note 
of  Alliance  and  get  in  touch  with  us. 


ALLIANCE  DYNAMOTORS 

Built  with  greatest  precision  and 
"know  how”  for  low  Hpplo—hlgh  effi- 
dancy— few  drain  and  a  minimum  of 
eommutation  tranelonte.  High  produc¬ 
tion  here  retains  to  the  highest  degree 
all  the  "criticals”  which  are  so  im¬ 
portant  in  airborne  power  sources; 


ALLIANCE  D.  C.  MOTORS 

Incorporate  precision  tolerances 
throughout.  Light  weight— high  effi¬ 
ciency-compactness.  An  achieve¬ 
ment  in  small  size  and  in  power-to- 
weight  ratio.  Careful  attention  has 
been  given  to  distribution  of  losses 
as  well  as  their  reduction  to  a  minimum. 
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LOOK  FOR  THE  RED  COLLAR 
THE  SYMBOL  OF  SECURITY 


ELASTIC  STOP  NUT  CORPORATION  OF  AMERICA 

ol  Unioii,  N.  J.  and  Lincoln,  Nob.  SoUs  OfHca:  Union,  N.  J. 


FOR  ELECTRICAL  CONNECTIONS  USE  ELASTIC  SELF-LOCKING  STOP  NUTS 


With  the  assured  high  conductivity 
of  a  soldered  connection,  combined 
with  the  great  advantage  of  easy  re¬ 
movability  for  servicing  and  over¬ 
haul,  Elastic  Self-Locking  Stop  Nuts 
are  being  given  new  responsibilities 
in  the  field  of  electronics  every  day. 

They’ve  been  found  the  best  kind 
of  insurance  against  loose  contacts 
where  there  are  terminal  connec¬ 
tions  in  circuits,  as  in  the  starting 
motor  relay  switch  illustrated. 

Manufacturers  and  servicemen  turn 
to  the  nut  with  the  famous  red  col¬ 


lar  to  help  eliminate  failures  and 
poor  operation  of  electronic  equip¬ 
ment  arising  from  loose  contacts  — 
because  the  Elastic  Stop  Nut’s  red 
collar  has  proved  it  holds  fast.  The 
clastic  compression  collar  forms  it¬ 
self  to  the  bolt  threads,  and  the  nut 
refuses  to  loosen,  creep,  or  back  off 
the  bolt  under  the  most  difficult  op¬ 
erating  conditions. 

For  reliability,  safety  and  economy, 
use  Elastic  Self-Locking  Stop  Nuts 
wherever  vibration,  shock,  impact 
or  similar  loosening  influences  are 
encountered. 
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WRITE  fOR 
DESCRIPTIVE 


BULLETIN 


in  Prindple! 
M^j^i^^  in  krnign! 


decibels  when  either  the  voltages  or 
currents  at  the  input  and  the  output 
of  a  circuit  are  known.  It  is  not 
necessary  to  compute  the  voltage  or 
current  ratio,  the  chart  does  this 
at  the  same  time  it  converts  them 
to  decibels. 

To  find  the  decibel  equivalent 
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BORN  AT  2S00°F. 


hat  Smu  awardad  fortha  fifth 
Uma  tha  Army-Navy  ”E"  Award  for 
foatinuad  axcaUanca  In  quantity  and 
¥taltty  of  attantlal  war  production. 


AlSiMag  is  master  of  power  and  heat  because  it  takes  its  final,  strong,  hard, 
rigid  form  in  furnaces  at  the  white  heat  of  25oo®F. 

This  inorganic  material  cannot  char.  It  withstands  red  heat  temperatures  of 
iSoo^F.  AlSiMag  is  highly  resistant  to  thermal  and  electrical  shock. 

AlSiMag  insulators  do  not  distort  with  loading  nor  cold-flow  with  time. 
They  are  non-corrodible. 

Uniformity  and  dimensional  accuracy  of  AlSiMag  Insulators  facilitate  as¬ 
sembly.  Whatever  you  are  planning  in  the  electronic  or  electrical  field — specify 
AlSiMag  for  long-lived,  dependable  performance.  Our  Engineering  and  Re¬ 
search  men  are  anxious  to  work  with  you.  Litera¬ 
ture  applicable  to  the  various  fields  of  AlSiMag 
uses,  available  on  request. 

^  AMERICAN  LAVA  CORPORATION 

^  CHATTANOOGA  S,  TlNNlSSlt  steatite  ceramics 


Should  future  developments  in 
electronic  communications 
(either  audio  or  video)  require 
vertical  radiators  of  extreme 
height  look  to  Blaw>Knox  for 
the  kind  of  structural  engineer* 
ing  which  will  assure  the  suc¬ 
cess  of  such  towers. 

Thousands  of  installations, 
ranging  from  66  ft.  to  ft., 
are  ample  proof  thar^^u  can 
rely  on  Blaw-Kn0x  ior  com¬ 
plete  responsibilit^n  the  fabri¬ 
cation,  erec^nydnd  testing  of 
complete>imtemia  systems. 


BLAW-KNOX  VERTICAL  RADIATORS 


DECIBEL  CALCULATOR  (contlnuad) 

when  two  voltages  are  known ;  enter 
the  graph  at  the  left  at  the  higher 
voltage,  follow  the  diagonal  down¬ 
ward  to  the  right  until  the  ordinate 
of  the  lower  voltage  is  reached,  the 
abscissa  of  this  point  gives  the 
number  of  decibels  corresponding 
to  the  ratio  of  the  two  voltages. 

If  the  input  voltage  is  larger  than 
the  output  voltage,  the  db  valve  is, 
of  course,  loss;  if  the  input  is 
smaller  than  the  output,  the  valve 
is  gain.  Currents  are  treated  simi¬ 
larly  to  voltages.  If  powers  are 
given  instead  of  voltages  or  cur¬ 
rents,  divide  the  final  db  by  two.  If 
ratios  are  given,  simply  assume  that 
the  ratio  is  the  first  voltage,  current 
or  power,  and  that  the  second  one  is 
unity. 


•  •  • 

Generation  of  Millimeter 
Wavelengths 

A  METHOD  OF  PRODUCTION,  detection 
and  measurement  of  extremely 
short  electromagnetic  waves  is  de¬ 
scribed  by  Jean  P.  Cooley  and  John 
H.  Rohrbaugh  in  the  Physical  Re¬ 
view  for  May  1  and  15, 1945. 

Waves  were  produced  having 
lengths  between  2.2  and  0.2  mm  by 
using  small  aluminum  particles, 
suspended  in  a  continuously  flowing 
stream  of  oil,  as  dipole  radiators. 
A  shock  excitation  circuit  was  used 
generating  1000  surges  per  second 
of  steep  wave  front  and  short  dura¬ 
tion.  These  pulses  were  applied  to 
a  1-cm  gap  containing  the  oil 
stream  to  supply  the  necessary  elec¬ 
tric  field. 

Detection  was  accomplished  by  a 
bismuth-antimony  thermopile  which 
had  all  junctions  covered  with  a 
2-mm  coating  of  50  percent  lamp 
black  and  50  percent  tellurium- 
plated  cork  dust.  The  output  of  the 
thermopile  was  fed  to  a  galvanom¬ 
eter  whose  ouii)ut  was  amplified 
electronically  and  optically. 


PlayhoAik  over  a  loudspeaker  of 
r^orded  mating  calls  of  mos¬ 
quitoes  attracts  them  to  insect 
traps  placed  where  the  sound  origi¬ 
nates,  recent  experiment  at  Cornell 
University  Medical  College  show. 
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Upside  down  and  sideways  — and  this  transformer  puts  in  overtime! 


This  is  just  one  more  reason  why  Thermaclors  are  known 
M  America’s  quality  transformers. 

There  is  a  machine  called  a  Shaker.  It  goes  up  and  down 
while  it  rotates.  The  motion  varies  from  a  gentle  rhumba  to 
earthquake  of  cataclysmic  proportions.  In  10  minutes 
*n  ordinary  transformer  sails  off  into  the  steel  mesh  net. 

At  Aireon  ManufacturingCorporation’s  Kansas  City  plant 
*licy  bolted  a  Thermador  transformer  to  the  shake-bed  of 
•J>i*  machine.  They  turned  the  shaker  on  for  an  hour— then 
•^cy  left  it  going  overnight,  unbolted  the  Thermador  trans¬ 
former,  connected  it  to  the  test  line.  The  needle  showed  not 
nth  of  variation. 

Why  this  incredible  performance?  Just  this.  Trans- 
fonners  were  formerly  mounted  to  the  cover  of  their  cases, 
^ermador  developed  a  strong  stamped  bracket  from  strip 
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Steel  and  projection-welded  it  to  the  case  body— indepen¬ 
dent  of  terminal  boards  or  covers.  As  a  result,  Thermador 
transformers  can  be  mounted  in  any  position— up  and  down 
and  sideways— and  take  the  worst  beating  you  can  give  them. 

THERMADOR  ELECTRICAL  MANUFACTURING  COMPANY 
5119  SOUTH  RIVERSIDE  DRIVE  •  LOS  ANGELES  22,  CALIF. 


Thermador 

Transformers 


DEFEAT  COLD  •  HEAT  •  HUMIDITY 


NEWS  OF  THE  INDUSTRY 


News  of  Washington;  actions  by  the  Federal  Communi¬ 
cations  Commission;  notes  on  meetings  ahead;  activities 
businesswise;  and  information  about  people  you  know 


According  to  a  report  by  OWI, 
Japanese  airborne  electronic  equip¬ 
ment  made  since  1940  is  far  supe¬ 
rior  to  that  of  earlier  design  and 
actually  is  of  excellent  workman¬ 
ship  and  material.  Much  aluminum 
is  found  in  their  designs  providing 
unusually  light  gear.  No  precau¬ 
tions  were  found  to  have  been 
taken  in  corrosion  and  fungus  con¬ 
trol,  however. 

Radio  direction  finders,  standard 
equipment  on  medium  and  heavy 


bombers,  were  not  reported  to  have 
been  normally  installed  in  fighter 
ships.  Several  Japanese  Zero  fight¬ 
ers  have  been  found  with  radio 
equipment  which  had  been  made  in 
the  United  States,  in  whole  or  in 
part,  while  components  of  German 
and  British  manufacture  have  been 
reported  in  units  of  Japanese  man¬ 
ufacture. 

All  equipment  reported  on  was 
hand  made,  with  no  evidence  of 
quantity  production. 


Currentty  proposed  urban  mobile  radio¬ 
telephone  system  with  central  250-wott 
transmitter  to  contact  Tehicles  and  sev¬ 
eral  receivers  located  at  various  points 
to  receive  colls  from  the  low-powered 
vehlculor  units 


tion  with  motor  vehicles  operating 
on  inter-city  highways  and  boats 
on  adjacent  waterways.  This  serv¬ 
ice  would  require  both  transmitting 
and  receiving  stations  along  the 
highways  to  be  served. 


Radiotelephones  for  Vehicles 

Applications  have  been  filed  with 
the  Federal  Communications  Com¬ 
mission  by  the  American  Telephone 
and  Telegraph  Co.  for  authority  to 
install  radiotelephone  stations  to 
provide  two-way  voice  communica¬ 
tion  with  drivers  of  motor  vehicles 
in  Baltimore,  Chicago,  Cincinnati, 

Columbus,  Denver,  Houston,  Mil¬ 
waukee,  New  York,  Philadelphia, 

Pittsburgh,  St.  Louis,  Salt  Lake 
City,  and  Washington,  D.  C. 

The  Bell  System  *  companies, 
planning  to  make  the  new  service 
available  first  where  public  neces¬ 
sity  is  greatest,  are  making  sur¬ 
veys  to  determine  the  need  for  and 
the  feasibility  of  mobile  radio  tele¬ 
phone  service  in  many  other  cities 
of  the  country. 

In  metropolitan  centers,  the  plan 
is  to  use  transmitters  of  about  250 
watts  power  operating  in  the  band 
between  152  and  162  megacycles. 

Receiving  stations  are  to  be  located 
at  various  points  to  pick  up  signals 
from  the  15-watt  mobile  units.  The 
path  of  a  typical  call  is  shown  in 
the  illustration.  Each  mobile  unit 
will  use  a  single  antenna  for  both 
sending  and  receiving. 

Calls  to  and  from  motor  vehicles 
will  be  handled  by  special  operators, 
the  calls  traveling  part  of  the  way 
by  wire  and  part  by  radio.  A  caller 
at  her  desk  dials  or  asks  for  the 
vehicular  operator  and  gives  her 


the  call  number  of  the  vehicle.  By 
dialing  a  code  number,  she  causes 
an  audible  or  visual  signal  in  the 
vehicle  to  indicate  to  the  driver 
that  he  is  wanted. 

The  operator  of  a  mobile  unit  can 
originate  calls  by  picking  up  the 
telephone  and  pushing  a  button  to 
signal  the  vehicular  operator. 

Another  tsrpe  of  radiotelephone 
service  which  will  be  tried,  would 
furnish  two-way  voice  communica- 


F-M  Converters 

Announced  at  a  meeting  of  the 
pioneer  f-m  radio  manufacturers 
in  New  York  recently  is  a  new  unit 
capable  of  providing  f-m  broad¬ 
casters  with  simultaneous  trans¬ 
mission  on  frequencies  in  both  the 
present  42-50  me  and  the  new  88- 
106  me  bands.  New  receivers  are 
being  designed  with  two  f-m  bands 


Members  of  the  U.  S.  and  the  Canadian  RMA  gather  at  luncheon  in  Montreal's  Mount 

Royal  Hotel 


September  1945  —  ELECTRONICS 


1 


QMjmtUMjaL  facilities 


FOR  UHF  DESIGN  AND 
POST-WAR  PRODUCTION 

Two  things  ore  vitally  necessary  for  the  design  and 
production  of  UHI^  equipment  • . .  specialized  knowl¬ 
edge  and  special  equipment  We  hove  both.  Lavoie 
engineers  are  highly  specialized  along  UHF  lines.  In 
our  plant  the  equipment  and  shop  practice  ore  centered 
on  UHF  requirements. 

Lavoie  service  is  available  to  you  either  in  the  form  of 
technical  recommendations  only,  or  we  can  develop 
your  ideas  in  actual  physical  form.  This  applies  to  ab¬ 
solutely  new  ideas  or  to  the  betterment  of  present  ideas. 
We  invite  consultation. 


RADIO  ENGINEERS  AND  MANUFACTURERS 


MOHGANVILLE,  N.  J. 


UHF  HARMONIC  FREQUENCY  GENERATOR 
PROVIDES  output  voltages  which  are  mul¬ 
tiples  of  10  or  40  megacycles  with  CRYSTAL- 
CONTROLLED  accuracy. 

RECOMMENDED  FOR:  the  calibration  of  re¬ 
ceivers,  wavemeters,  or  using  internal  beat 
detector  for  calibration  of  oscillators  and 
signal  generators. 

UHF  PRECISION  FREQUENCY  METER 
Completely  portable 
Accuracy  0.1  % 

Battery  or 
AC-Operated 
Models  available 
from  100  to  1500  meg¬ 
acycles  with  2  to  1 
frequency  coverage 
on  each  model 
Available  only  on 
high  priority. 


Specialists  in  The  Development  of  UHF  Equipment 

and  in  The  Manufacture  of  UHF  Antennas 
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Match  Fine  Workmanship 
with  Materials  that  LAST! 


KESTER  CORED  SOLDERS 

Assure  Permanence 


Workmanihip  is  only  as  good  as  the  materials  used!  Workman¬ 
like  soldering  requires  an  accurately  compounded,  pure,  balanced 
solder  —  one  that  holds  tight  against  bending,  vibration,  shock,  con¬ 
traction,  and  expansion.  Kester  assures  such  permanence! 


to  provide  reception  in  both  the 
present  and  new  channels.  The 
transmitter  converter  is  applicable 
to  transmitters  of  any  manufac¬ 
ture,  supplies  1  or  3  kw  output 
power  at  any  frequency  in  the  new 
band,  requires  no  additional  moni¬ 
toring,  and  is  supplied  by  Radio 
Engineering  Laboratories,  L.  I.  C., 
N.  Y. 

Good  EngineeHng  Practice 

Proposed  standards  have  been 
drawn  up  by  FCC  to  serve  as  a 
basis  for  discussion  of  good  engi¬ 
neering  practice  by  f-m  broadcast 
stations.  They  have  not  been  ap¬ 
proved  by  the  commission. 

Included  in  the  contents  of  the 
notice  announcing  the  proposals 
are:  engineering  standards  of  allo¬ 
cation;  topographical  data;  inter¬ 
ference  standards ;  field  intensity 
measurements  in  allocation;  trans¬ 
mitter  location;  antenna  systems; 
standard  lamps  and  paints;  trans¬ 
mitters  and  associated  equipment; 
indicating  instruments ;  auxiliary 
transmitters ;  operating  power — 
determination  and  maintenance ; 
frequency  and  modulation  monitors 
at  auxiliary  transmitters;  require¬ 
ments  for  type  approval  of  trans¬ 
mitters,  frequency  monitors,  and 
modulation  monitors ;  approved 
transmitteTs,  frequency  monitors, 
and  modulation  monitors;  and  ap¬ 
plication  forms. 


i 


Kaster  Cored  Solders  ere  unexcelled  for  high  quality  and  unvarying 
uniformity.  Kester's  46  years  research  and  practical  experience 
gives  you  the  right,  permanent  solder  for  every  type  of  work. 

Virtually  mistake-proof,  Kester  Cored  Solders  are  applied  in  one 
simple  operation  because  the  positive  acting  flux  is  contained  right 
in  the  core  —  forms  tight,  clean  solder-bonds,  sure  to  stay  put! 

Specify  Kester  Rosin-Core  Solder  for  electrical  connections — Kester 
Acid-Core  Solder  for  general  work.  Both  are  available  in  a  wide 
range  of  core  and  strand  sizes.  Consult  Kester  Engineers,  without 
obligation,  on  any  soldering  problem  you  may  have. 


EESTra  SOLDER  COMPANY 

4204  Wrightwood  Avenue  Chicago  39.  Ill. 
EaMt»m  Plant:  Newark,  N.  /. 

Canadian  Plant:  Brantford,  Oat. 


,  KES¥ER 

STANDARD  FOR  INDUSTRY 


Hearing  Aid  Standards 

After  eighteen  months  of  active 
compilation  and  testing,  the  Ameri¬ 
can  Hearing  Aid  Association,  77 
W.  Washington  St.,  Chicago  2,  Ill., 
has  released  a  set  of  specifications 
covering  the  scientifically  accurate 
measurement  of  performance  char¬ 
acteristics  in  hearing  aids. 

Drawn  up  by  a  group  of  hearing- 
aid  engineers  forming  a  special 
committee  for  this  purpose,  the 
original  recommendations  were 
tested  by  being  put  tentatively  into 
actual  practice  in  the  laboratories 
of  manufacturers.  Experiences 
were  reported  back  to  the  commit¬ 
tee  and  modifications  made. 

It  is  the  expectation  of  AHAA 
that  the  material  will  eventually  be 
issued  by  American  Standards  As¬ 
sociation,  perhaps  in  expanded 
form.  The  present  publication, 
copies  of  which  can  be  obtained 
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Unit  540  is  the  latest  model  Fairchild 
Ainplifier>£qualizer.  Its  design  permits 
the  unusual  operational  advantage  of  un- 
tiniied  frequency  selection  over  two  crit- 
bl  ranges:  20  to  100  cycles;  4,000  to 
10,000  cycles  with  an  available  boost  of 
Oto20  db. 

Unlimited  frequency  selection  compen- 
twes  for  brilliance-loss  at  the  slower  33.3 
?ecd  and  for  response-deficiencies  of  cut- 
tctfiead,  disc  material,  picloip  or  speaker 
hr  electronically  boosting  the  higher  fre¬ 


17"  X  18"  X  11".  It  can  also  be  rack 
mounted.  And  provision  has  been  maoe 
in  the  inputs  and  outputs  to  permit  opera¬ 
tion  under  many  varying  conditions  —  to 
meet  the  exaaing  professional  require¬ 
ments  of  the  radio  and  communications 
fields. 

Descriptive  and  priority  data  are  avail¬ 
able.  Address  New  York  Office:  475  — 
10th  Avenue,  New  York  lS,Plant:  88-06 
Van  Wyck  Blvd.,  Jamaica  1,  New  Yoric. 


quencies  from  4,000  on  up  to  10,000 
cycles  —  with  a  negligible  effect  on  volume 
and  without  loss  in  the  bass. 

Unit  540  can  be  used  with  two  record¬ 
ers  to  record  or  play  back  continuously 
by  switching  from  table  to  table;  to  make 
two  identical  records  at  the  same  time; 
or  to  *dub’  from  one  table  to  the  other  as 
in  copying  a  recording  played  on  one 
table  and  recorded  on  the  other. 

Unit  540  is  compacdy  designed  to  fit 
into  a  light-gauge  metal  crunk  measuring 


SOUND 

EQUIPMfl 
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CLOSEUP  OF  A  NICE  JOB 


We  can  honestly  say  that  Electronic  Winding 


coils  are  getting  better  and  better.  They 


have  had  to  be  better  to  satisfy  the  insistent 


demands  of  communications  branches  of  the 


★  ★  MANUFACTURERS  OF  EXTRA 
QUALITY  COILS  FOR  PRECISION 
COMMUNICATIONS  EQUIPMENT 


^kcSmie'^iiidm  C  a 


According  to  the  plans  of  High¬ 
way  Radio,  Inc.,  all  motor  trucks 
moving  over  America’s  highways 
may  eventually  be  linked  with  their 
terminals  and  with  each  other  by 
f-m  radio.  The  organization  has 
already  asked  FCC  for  permission 
to  equip  100  Chicago  trucks  on  an 
experimental  basis. 

Advantages  are  that  distribution 


from  the  Chicago  address,  include; 
general  method  of  measuring  acous¬ 
tical  gain;  test  room;  sound  source; 
measurement  of  sound  field;  artifi- 
cial  ear  and  associated  equipment; 
mounting  of  hearing  aid  for  test; 
determination  of  frequency  re¬ 
sponse;  effect  of  battery  voltage 
variation ;  measuring  non-linear 
distortion;  measuring  acoustic-in¬ 
put-output  characteristics ;  measur¬ 
ing  battery  drain ;  and  variation  of 
gain  with  temperature  and  humid¬ 
ity  changes. 

Research  and  Equipment 
Expenditures 

Praising  the  contribution  to  the 
war  of  OSRD,  the  H*  Appropri¬ 
ations  Committee  recently  granted 
$70  million  for  operations  the  next 
fiscal  year,  only  $7,500,000  below 
budget  estimates. 

One  of  the  features  of  the  hear¬ 
ing  was  testimony  by  Dr.  Vannevar 
Bush  to  the  effect  that  the  radar 
development  job  would  have  been 
large  in  peacetime  if  spread  over 
15  years.  Radar  research  expendi¬ 
tures  by  OSRD  were  cut  from  $42,- 
118,342  to  $25  million. 

In  other  appropriations  hearings, 
General  Brehon  Somervell  revealed 
the  following  figures,  in  thousands 
of  dollars  for  Signal  Corps  pro¬ 
curement,  excluding  items  trans¬ 
ferred  to  the  Air  Forces  in  last 
April’s  reorganization. 


1944 

1945 

Scheduled 

Procure- 

1944 

SehednM 

Proeur^ 

Actual 

ment 

meat. 

procure- 

As  of  May 

May  31. 

ment 

31. 1945 

1945 

Ground  Radar . 

2SS.203 

178,214 

61, Ml 

Special  Ground . 

42,529 

25,056 

6,117 

Ground  and  Vehicu¬ 
lar . 

381,013 

248,140 

101,116 

Telephone  and  Tde- 
graph . 

203,607 

118,882 

67,111 

Wire  and  Cable . 

1M,868 

223,184 

m.m 

Miacdlaneous . 

482,160 

481,074 

M6,l» 

Totals . 

$1,511,380 

$1,275,450 

$104,151 

FM  for  Trucks 


armed  services  and  to  contribute  to  the  de¬ 
pendability  of  rugged  radio  equipment  that 
is  helping  to  save  lives  all  around  the  world. 
This^closeup  of  a  nice  job  of  coil  winding 
shows  a  complete  RF  assembly  —  just  one  of 
the  many  precise  jobs  we  can  do.  If  specifica¬ 
tions  call  for  a  coil  of  extra  quality  call  on 
Electronic  Winding. 
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ANTENNAS  ARE  DIFFERENT 


he  antenna  of  a  grasshopper  is  a  streamlined  job . 


sensitive . . .  funaional . . .  perfectly  adapted  to  its 


use.  Today’s  antennas — for  war  or  peace — must  like 


wise  ht  the  function,  be  it  Radar  or  communications. 


We  at  the  Workshop  design  and  manufaaure  antennas 


to  meet  the  most  exacting  electrical  and  mechanical 


test  equipment  for  measuring  antenna  gain,  pattern 


beyond  the  reach  of  the  average  manufacturer. 


touch  with  us  —  we  are  anxious  to  serve  you 


The  WORKSHOP 


ASSOCIATES 


FOR  THI  ELECTRONIC  INDUSTRY 


66  NEEDHAM  STREET  •  NEWTON  HIGHLANDS  61,  MASS. 
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At  the  advent  of  war  we  created  an  entirely  new  department  for 
the  manufacture  of  fabricated  parts  and  assemblies.  With  a  half 
century  o'f  experience  to  draw  on,  our  training  in  precision  work,  the 
care  and  attention  to  detail  necessary  to  production  of  fine  decorative 
parts,  the  metallurgical  experience  and  the  understanding  of  fine 
finishing,  proved  of  immense  value  in  meeting  the  exacting  require* 
ments  of  industrial  parts. 

This  department  today  is  producing  such  critical  items  as  collector 

rings,  radio  and  radar  parts,  aircraft  instrument  parts,  copper  finned 

radiators  for  power  tubes  and  other  specialized  fabrications. 

1*'  *■* 

Working  on  the  sheet,  wire,  and  tubing  which  we  fabricate  in  our 
mill  operations,  we  are  able  to  carry  out  punch  press  and  deep  draw* 
ing  work,  milling,  turning,  grinding,  and  drill  press  operations.  In 
addition,  we  have  facilities  for  silver  soldering  and  silver  furnace  braz* 
ing  and  fine  polishing. 

To  assist  you  in  the  application  of  our  products  to  your  products  we 
are  maintaining  a  staff  of  thoroughly  experienced  metallurgists,  chem* 
ists,  designers  and  consultants  ...  an  up-to-date  research  and  testing' 
laboratory  .  .  .  and  a  splendidly  equipped  tool  room.  These  are  all 
at  your  service  to  cooperate  with  your  own  staff  to  the  full  extent  of 
our  facilities. ; 

Your  inquiries  are  cordially  invited.  Ask,  too,  for  a 
copy  of  our  new  descriptive  folder. 


SHUTS  •  Wins  •  TUBINO  •  SOiOfftS 
fABRICATED  PARTS  AND  ASSSMBlIiS 


can  be  expedited  by  dispatching 
trucks  while  still  on  the  move; 
traffic  during  storms  may  be  made 
safer  by  routing  trucks  over  clear 
roads;  and  help  can  be  sent  quickly 
in  cases  of  accident  or  mechanical 
failure. 

One  250-w  transmitter  is  pro¬ 
jected  to  serve  as  a  control  station 
for  trucks  entering  and  leaving 
Chicago.  A  30-w  portable-mobile 
station  is  also  included.  Frequen¬ 
cies  of  42,000  and  30,140  kc  are 
being  requested  and  the  expectation 
is  that  reliable  communication  will 
be  established  within  a  range  of 
40  to  50  miles  from  the  land  sta¬ 
tion  with  spot  communication  pos¬ 
sible  to  distances  of  80  miles. 


RMA  Activities 


Winding  up  the  21st  year  of  its 
operations.  Radio  Manufacturers 
Association  had  a  proxy  member¬ 
ship  meeting  in  Chicago  during 
June.  Annual  reports  are  pub¬ 
lished  and  have  been  distributed. 

R.  C.  Cosgrove  was  reelected 
president  of  RMA  for  another  year 
while  two  new  vice  presidents,  M. 
F.  Balcom  and  George  Lewis,  were 
elected  to  succeed  David  T.  Schultz 
and  Walter  Evans.  One  new  direc¬ 
tor  was  elected,  H.  J.  Hoffman— 
Machlett  Laboratories — who  re¬ 
places  W.  P.  Hilliard  of  Bendix 
Radio. 

Speaking  of  his  predictions  for 
the  postwar  future  of  the  radio  in¬ 
dustry,  Cosgrove  envisioned  an  in¬ 
crease  of  66  percent  in  employment 
and  a  competition  so  active  that 
price  controls  would  be  rendered 
unnecessary.  During  the  early 
months  of  civilian  production,  he 
expects  actual  losses  because  of 
limited  production  and  high  costs. 

Membership  was  brought  to  a 
new  high  of  256  by  the  admission 
of:  Argus,  Inc.,  Ann  Arbor,  Mich.; 
Astatic  Corp.,  Conneaut,  Ohio; 
Call-A-Phone  Mfg.,  Chicago;  Gates 
Radio,  Quincy,  Ill.;  Littelfuse  Inc., 
Chicago,  Ill. ;  Madison  Electrical 
Products,  Madison,  N.  J. ;  Standard 
Coil  Products,  Chicago;  Teletone 
Radio,  New  York;  Thomas  &  Skin¬ 
ner  Steel  Products,  Ind. ;  and  Thor- 
darson  Electric  Mfg.,  Chicago. 

Previously-announced  additions 
to  the  roster  included  the  follow¬ 
ing  concerns :  Armour  Research 
Foundation,  Chicago  (associate 
member) ;  ARF  Products,  River 
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ENCOMPASSING  ALL  FIELDS 

/  SPEED 

w^eneinc9Htm(€Kiceiti9HAC(uUnil>utct^^  SAFETY 

EFFICIENCY 


On  all  points,  Harvey-Wells  communications 
equipment  meets  the  need  for  high  fidelity  in  trans¬ 
mission  and  reception. 

Through  intensive  testing  methods  and  exclu¬ 
sive  engineering  techniques,  Harvey-Wells  systems 
have  made  important  contributions  to  communica¬ 
tions  in  vital  war  operations.  Their  wide  use 


by  the  armed  forces  is  "proof  positive"  of 
their  ability  to  deliver  completely  dependable 
service. 

The  unusually  high  standards  fulfilled  by 
Harvey-Wells  receivers  and  transmitters  are  your 
guarantee  of  maximum  efficiency  in  peacetime 
communications. 


WELLS 

E  I  E  C  T  rJo  N  I  C  - - ^ 

SOUTHBRIDGE.  MASSACHUSETTS 
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Wriateh 


CINEMA  ENGINEERING  CO. 

Established  1935  •  Burbank  •  California 


Forest,  Ill.;  Bell  &  Howell  Co., 
Chicago;  Tobe  Deutschmann  Corp., 
Canton,  Mass. ;  Finch  Telecommuni¬ 
cations  Inc.,  Passaic,  N.  J.;  Hew¬ 
lett  Packard  Co.,  Palo  Alto,  Calif.; 
Jefferson-Travis  Radio  Mfg.  Corp., 
New  York  City;  Permo  Inc.,  Chi¬ 
cago;  The  Radio  Craftsmen,  Chi¬ 
cago;  and  The  Radiotechnic  Lab¬ 
oratory,  Evanston,  Ill. 

A  reorganization  has  been  engi¬ 
neered  by  which  the  loudspeaker 
makers  will  be  transferred  from  the 
amplifier  and  sound  equipment 
group  to  the  parts  division.  Sec¬ 
tion  chairmen  in  the  latter  division 
for  1945-6  are :  coils,  Leslie  F. 
Muter ;  fixed  capacitors,  Paul 
Hetenyi;  fixed  resistors,  J.  H. 
Stackpole;  instruments,  R.  L.  Trip¬ 
lett;  insulations,  John  W.  Apgar; 
metal  stampings,  S.  L.  Gabel;  plas¬ 
tics,  John  J.  Bachner;  sockets, 
Frank  Holmstrom;  speaker  parts, 
Henry  C.  Forster;  special  products, 
W.  R.  MacLeod;  switches,  Robert 
A.  O’Reilly;  transformers,  Robert 
A.  Hoagland;  variable  capacitors, 
Russell  E.  Cramer;  variable  resist¬ 
ors,  H.  E.  Osmun;  vibrators,  Ray 
F.  Sparrow ;  and  wire.  R.  G.  Zender. 


«C9  ^  noise,  prolong  service  life 


VARiATEN  contacts  and  brush 
surfaces  make  contact  over  their 
entire  area  because  the  contacts 
are  ground  flat  and  the  brushes 
stone-lapped,  not  buffed.  Buff¬ 
ing  produces  rounded  surfaces 
and  therefore  a  "point”  contact 
highly  susceptible  to  noise.  Vari- 
aten  brushes  move  from  one 
contact  to  the  next  without  rock¬ 
ing  motion.  The  resulting  per¬ 
pendicular  spring  pressure  at  all 
positions  allows  us  to  take  ad¬ 
vantage  of  the  natural  resiliency 
of  metals  to  provide  a  com¬ 
pletely  flat  contact  over  the  en¬ 
tire  brush  surface  at  all  times 
and  so  reduce  noise  and  length¬ 
en  service  life. 

N«  corbro  resistors  ore  osed  io 
ooy  Vorioteo  Mixer... 

All  are  of  stable,  wire-wound 
construction.  Most  are  step  type. 
Where  quiet  operation  is  the 
major  consideration,  we  recom¬ 
mend  ladder  type  mixers  because 
the  circuit  requires  only  one  con¬ 
tact  brush  operation  on  the  input 
side  of  the  circuit  and  any  pos¬ 
sible  brush  noise  is  therefore  at¬ 
tenuated  along  with  the  signal. 

By  all  means  compare  circuits, 
construction  and  features  of 
these  mixers.  From  the  hundreds 
of  Variaten  attenuators  you  may 
select  the  attenuators  best  adapt¬ 
ed  to  your  specific  needs.  Write 
for  the  Variaten  Catalog  today. 


VARIATEN  §1218 
”T”  Orcuit—lVi  dh  per  step;  30  to  600 
ohms  impedance.  Price,  P.O.B... $17.30 


Noise  Stanilards 

American  business  will  partici¬ 
pate  in  international  work  on  stand¬ 
ards  covering  the  measuring  of 
radio  noise  interference  through 
ASA  (American  Standards  Associa¬ 
tion).  Active  participation  will 
probably  wait  until  the  completion 
of  research  now  being  carried  on 
in  this  country.  But  the  American 
Standards  Association  has  agreed 
to  an  immediate  interchange  of 
technical  information  on  the  sub¬ 
ject  with  other  countries  working 
through  the  United  Nations  Stand¬ 
ards  Committee. 


VARIATEN  §1156 

Ladder  Circuit— 1  Vi  db  per  step;  30  to  600 
ohms  impedance.  Price,  P.O.B... $12.30 


RMA  Production  Code 

Meeting  in  Montreal,  U.  S.  and 
Canadian  RMA  boards  of  directors 
and  officers  recently  discussed  joint 
problems.  Among  other  activities 
an  RMA  code  was  approved.  It  is 
to  be  used  in  identifying  produc¬ 
tion  of  radio  apparatus,  and  was 
developed  by  the  data  bureau  of  the 
RMA  engineering  department. 

Assignment  has  been  made  of 
three-digit  figures  to  firms  ranging 
from  101 — Admiral  Corp.  to  343 — 
Zenith  Radio  Corp.  Markings  will 


VARIATEN  §1658 
Ladder  Orcuit—2Vs  db  per  step;  30  to  600 
ohms  impedance.  Price,  P.O.B. . .  $3.73 
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AVAILABLE  NOW.... 

AND  FOR  YOUR  post-war 
planning 


MCIUTIES 

efficiency 


Xhe  atlas  organization,  long  recognized 
by  leading  industrial  manufacturers  for  its  ability 
to  handle  intricate  problems  in  Engineering,  De¬ 
signing,  Tooling  and  the  creation  of  special  Auto¬ 
matic  Machinery,  now  offers  an  additional  service 
to  a  few  concerns  who  may  require  it. 

During  these  war  years  we  were  called  upon  to 
design,  equip  and  maintain  in  operation  a  high 
SPEED,  super-precision  assembly  department  for  the 
production  of  critical  Radar  equipment  and  excep¬ 
tionally  intricate  instruments.  The  imponant  work 
assigned  to  us  has  been,  and  is  now  being  produced 
in  its  entirety,  consistently  meeting  the  time  sched¬ 
ules  and  precision  standards  demanded. 

If  you  have  an  idea  or  formulated  product  which 
you  would  like  to  sub-contract  for  unit  production. 


we  offer  the  services  of  a  group  comprising  mo  e 
than  400  skilled  Engineers,  Designers  and  Tool- 
makers,  together  with  the  finest  machine,  assembly 
and  testing  sections  available  for  precise  production. 

Discussion  of  this  interesting  subject  with  our 
key  men  may  solve  your  present  problem  and  pos¬ 
sibly  get  you  off  to  a  competitive  advantage  in 
postwar  production.  In  other  words,  may  we  lift 
"a  load  off  your  shoulders  onto  ours”?  Write  or 
wire  for  a  conference. 
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start  with  these  three  digits  fol¬ 
lowed  by  a  figure  5  to  designate  the 
current  year  and  another  figure, 
for  example,  21,  to  designate  the 
week  of  production.  Non-RMA 
members  are  expected  to  be  in¬ 
cluded  eventually. 


Receiver  Licensees 

Radio  receiver  manufacturing 
licenses  have  been  issued  by  RCA 
to:  Telicon  Corp.,  New  York; 
Symphonic  Radio  &  Electronic 
Corp.,  Boston,  Mass.;  Harris  Mfg. 
Co.,  Los  Angeles;  Scientific  Radio 
Products  Co.,  Council  Bluffs,  Iowa; 
and  Franklin  Photographic  Indus¬ 
tries,  Chicago. 


introduces 


Record-Changer  Standards 

Work  is  being  done  by  the  RMA 
engineering  department  for  the 
standardization  of  record  changers, 
pickups,  and  needles.  Being  con¬ 
sidered  are  proposed  dimensional 
standards  of  phonograph  records 
for  home  use,  proposed  general 
electrical  and  mechanical  specifica¬ 
tions,  terminology,  and  a  standard 
warranty. 


And  it 
around 
throug 
money 


*liutrumtnt  Ktdifitr  and  Bahnead  ftMutone*  naf  • 
work  all  tombinad  in  cenvanianf  plug  auambly 


Speaker  Standards 

At  a  recent  meeting  of  the  com¬ 
mittee  on  acoustic  devices  in  the 
receiver-equipment  group  of  the  re¬ 
ceiver  section,  RMA  engineering  de¬ 
partment,  discussion  was  held  on 
speaker  mounting  dimensions  and 
silhouettes.  As  a  result,  the  work 
of  correlating  data  was  divided  up 
so  that  each  size  unit  will  be  han¬ 
dled  by  a  single  individual. 

The  following  distribution  was 
established:  3i  in.,  R.  C.  Bierman, 
Permoflux ;  4  in.,  S.  Zuerker,  GE ;  5 
in.,  J.  Q.  Tiedje,  General  Instru¬ 
ment;  6i  in.,  R.  S.  Anderson, 
Stromberg-Carlson ;  in.,  G.  S. 
Holly,  Radio  Speakers;  7  in.  M.  E. 
Swift,  Philco;  8  in.  H.  S.  Knowles, 
Jensen  Radio  Mfg.;  4x6  in.,  J.  P* 
Quam,  Quam-Nichols;  5x7  in.,  J. 
L.  Marquis,  Operadio  Mfg.;  6x9 
in.  C.  E.  Hoekstra,  Magnavox. 


Here  is  a  brand-new  development  by  Conant 
to  meet  the  demand  for  applications  involving  the 
balanced  bridge  principle  in  AC  operation. 

Example:  The  conversion  of  standard  Wheatstone 
bridge  instruments  to  AC.  In  such  applications, 
the  AC  accuracy  and  performance  are  equivalent  to 
DC  operation  on  the  same  instrument.  Null 
indication  is  not  affected  by  temperature,  frequency, 
wave  form  or  line  voltage  fluctuations. 

This  is  but  one  of  the  multitude  of  uses  for 
BALAC  (trade  mark— patent  applied  for). 

Write  or  wire  today  for  detailed  information. 


^n^iuunen^  0tecii^ie^ 


Dam  Radio 

Under  the  terms  of  bids  recently 
opened  by  the  Federal  Bureau  of 
Reclamation,  shortwave  radio 
equipment  for  emergency  and  oper¬ 
ational  communication  is  planned 
between  remote,  inaccessible  stor- 


6S00  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A, 


20  V«My  St.,  N«w  York  7,  Now  York 
85  E.  Gay  St.,  Columbus,  Ohio 
800  S.  Michison  Avo.,  Chicago  5,  III. 
1215  Harmon  PI.,  Minnoopolls  3,  Minn. 


2017  Grand  Avo.,  Kansas  City  8,  Mo. 
1212  Camp  St.,  Dallas  2,  Toxas 
378  Boulovard  N.  E.,  Atlanta,  Ga. 
4018  Groor  Avo.,  St.  Louis,  Mo. 


1 528  Ivy  St.,  Donvor,  Colo. 

4214  Country  Club  Dr., long  Boach7,Cal 
Export  Div.,  89  Broad  St.,  N.  Y,  4,  N.  V 
50  Yarmouth  Rd.,  Toronto,  Canada 
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Are  You  Launching  a  New  Product  with 

LIMITED  CAPITAL? 


You’ve  got  the  product,  you’ve  got  the  sales 
plans,  the  men  and  a  sizeable  piece  of  capital. 

But  first  you  feel  you’ve  got  to  get  a  plant, 
and  tools  and  machinery,  and  set  up  a  pro¬ 
duction  line. 

And  it  all  takes  capital!  And  when  you  get 
around  to  merchandising  your  product 
through  the  trade  and  to  the  consmner,  that 
money  is  going  to  be  spread  woefully  thin. 

'^Divide  and  Conquer” 

Why  not  divide  the  job  into  ' 'manufacture” 
and  "distribution”,  and  concentrate  yom* 
available  capital  and  your  manpower  on  one 
part  at  a  time.  BUT  reverse  the  usi^  pro¬ 
cedure  and  get  going  on  the  distribution  first. 

Get  your  product  into  the  hands  of  dealers 
and  to  the  public,  without  waiting  to  set  up  a 
factory  of  your  own.  That  can  come  later, 
and  in  good  time. 

The  important  thing  is  to  get  there  with  the 
goods  firet.  Get  entrench^  in  distribution 


FOR  MORE  THAN  50  YEARS  A  CONTRACT  MANUFACTURER.. .  EXPERTLY  STAFFED  TO  PRODUCE  COMPLETE  ELECTRONIC 
AND  MECHANICAL  ASSEMBUES,  COMPONENT  PARTS  AND  SUB-ASSEMBLIES,  TO  THE  MOST  EXACTING  REQUIREMENTS 


chaimels  ahead  of  the  other  fellow  in  the  mad 
scramble  for  that  pent-up  demand  for  con¬ 
sumer  goods. 

Let  Lewyt  be  your  factory 

You  can  eliminate  factory  investment,  in¬ 
ventory  in  materials  and  labor  . . .  and  cut  a 
sizeable  chimk  of  time  from  your  dehvery 
schedule  if  you  "Let  Lewyt  Do  It”. 

You  may  find  that  we  can  actually  save  you 
money  on  the  production.  We  are  so  accus¬ 
tomed  to  finding  short  cuts  in  tooling-up, 
economies  in  assembly  methods,  that  getting 
a  new  job  going  in  jig  time  and  without  lost 
motion  comes  natural. 

Let  us  take  over  the  production  end  .  .  and 
you  concentrate  your  capital  and  your  efforts 
on  the  distribution.  It’s  a  combination  that 
can  get  you  off  to  a  head  start  in  the  con¬ 
sumer  market  on  that  new  product  of  yours. 

★  ★  ★ 

Write  on  your  business  stationery  for  48-page  book,  “Let 
Lewyt  Do  It” — the  story  of  the  Lewyt  organization  in  pic¬ 
tures.  Lewyt  Corporation,  62  Broadway,  Brooklyn  I1,N.Y. 


CONTINUE 


electronics  — s«p#eml>ef  1945 


BUYING  WAR 


BONDS  . 
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WE  MANUFACTURE 

Radio  coils 
Solenoids 
Bonk-woond 
Unhforsol 

Univorsal  progressive 
Popor  section 
Layor-woond 
Toroids 

From  the  middle  of  the 
voice  frequency  to  ultra- 
high  frequency.  Electronic 
and  radio  equipment  of  all 
kinds. 


.  WE  HAVE  EQUIPMENT 

FOR  ANY  TYPE  OF  TREATMENT: 

Hermetic 

•  Wax 

Vamish-imprognating 

•  Baking,  vacnom-impregnating 

•  Oil  filling 

We  have  a  completely 

•  equipped  laboratory  with  Q 
meters,  twin-“T”  bridges 

•  and  special  bridges  ...  for 
^  frequency  analyzing  and 

prime  standard  of  fre- 
^  quency. 


ALSO 

We  are  equipped  for  turning  out  special  sub-assembly  work 
. . .  work  on  complete  units  where  allied  to  our  various  facili- 
ti^  as  well  as  small  pimch  press  work  .  .  .  lugging  and  ter¬ 
minal  assembly  . . .  soldering,  testing  . . .  original  design  and 
product  design. 

W#  Inv/fe  yo9  to  consvft  wHh  vs  withovt  obligation, 

COMMUNICATION  PARTS 

NOT  INC. 

1101  NORTH  PAULINA  ST.  •  CHICAGO  22,  ILLINOIS 


age  reservoirs  in  the  headwate 
regions  of  the  Minidoka  and  Snak 
River  irrigation  development  ii 
Idaho.  Five  radiotelephone  set 
will  be  purchased  to  replace  a  non 
commercial  telephone  system  whicl 
has  been  undependable.  Frequency 
has  been  assigned  on  2822  kc  witli 
operations  restricted,  except  in  ar 
emergency,  to  the  period  between 
local  sunrise  and  local  sunset. 

Communications  Statistics 

Recently  published  by  FCC  is  a 
compilation  for  the  year  ending 
December  1943  of  statistics  in  the 
communications  industry  of  the 
United  States.  Comprising  two 
sections,  the  book  starts  with  finan¬ 
cial  and  operating  data  relative  to 
telephone,  wire-telegraph,  ocean- 
cable  and  radiotelegraph  carriers 
and  controlling  companies  and  con¬ 
cludes  with  financial  and  operating 
data  relative  to  standard  broadcast 
stations  and  networks.  The  latter 
section  includes  general  remarks 
and  statistical  data  on  broadcast 
revenues,  tangible  properties,  em¬ 
ployment  and  compensation,  and 
radio  homes  in  the  United  States 
by  districts,  regions,  and  states. 

Copies  are  available  from  the 
Superintendent  of  Documents, 
Washington  25,  D.  C.,  at  35  cents 
each. 

Capacitor  Standards 

Fixed  CERAMic-dielectric  capacitors 
are  covered  in  standards  proposal 
No.  157  distributed  by  the  RMA 
data  bureau  and  covering  sizes  and 
characteristics,  designation  and 
markings,  test  methods,  tests  and 
component  selections.  Copies  have 
been  circulated  for  comment  and 
criticism. 

NAB  Activities 

Recent  announcement  by  NAB 
(National  Association  of  Broad¬ 
casters)  revealed  the  appointment 
to  its  presidency  of  Associate  Jus¬ 
tice  Justin  Miller  of  the  United 
States  Court  of  Appeals  to  succeed 
J.  Harold  Ryan.  Ryan  goes  back 
to  the  vice-presidency  and  general 
managership  of  Fort  Industry  Co.> 
Toledo,  Ohio. 

Other  office  holdings  include: 
Frank  M.  Russell,  NBC,  and  Frank 
Stanton,  CBS,  as  network  directors, 
and  G.  Richard  Shafto,  WIS,  as  di- 
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A  COMBINATION 

VACUUM-TUBE 

VOLTMETER 


VOLT-OHM 

MILLIAMMETER 


UMItWMNn  CO. 

momkoh-vu. 


CAPACITY 

INDUCTANCE 

REACTANCE 


rUNCtlON 


DECIBEL 

Measurements 


vOin 


Specifications: 

D.C.  ELECTRONIC  VOLTS: 

(At  1 1  Megohms  input  resistance) 

0  to  3/ 1 5/30/75/ 1 50/300/750/ 1 500/3000  Volts. 

D.C.  VOLTS: 

(At  1 ,000  Ohms  Per  Volt) 

0  to  3/ 1 5/30/75/ 1 50/300/750/ 1 500/3000  Volts. 

A.C.  VOLTS: 

(At  1,000  Ohms  Per  Volt) 

0  to  3/ 1 5/30/75/ 1 50/300/750/ 1 500/3000  Volts. 

D.C.  CURRENT: 

0  to  3/15/30/75/150/300/750  Ma.— 0  to  3/15  Amperes 


RESISTANCE: 

0  to  1,000/10,000/100,000  Ohms— 

0  to  1/10/1,000  Megohms 

CAPACITY:  (In  Mfd.) 

.0005— .2  .05—20  .5—200 

REACTANCE: 

10  to  5M  (Ohms)  100— 50M  (Ohm^  T 
.01 — 5  (Megohms)  ^ 

INDUCTANCE:  (In  Heiiries) 

.035—14  .35—140  35—14,000% 

DECIBELS: 

—  10  to +18  +10  to +38  +30  to +58 


The  Model  400  comes  housed  in  a  rugged  crackle-finish  steel  cabinet  com¬ 
plete  with  batteries,  two  sets  of  tost  leads,  one  set  of  V.T.V.M.  probes  and 
instructions.  Size  5V2"x9V2"xlO”.  Net . 


SUPERIOR  INSTRUMENTS  COMPANY 

DEPT.  M..  227  FULTON  STREET.  NEW  YORK  7.  NEW  YORK 
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WALKER-TURNER  CO.,  Inc. 


Plainfield,  New  Jersey 


You  can  make  your  products 
easier,  simpler,  faster  to  op¬ 
erate,  if  you  centralize  their  con¬ 
trols  with  W  alker-T  ur  ner  Flexible 
Shafting.  They  will  be  lighter 
and  more  compact,  too,  because 
of  the  elimination  of  complicated 
gear  systems. 

In  addition  to  greater  product 
sales-appeal,  this  usually  means 
fewer  design  headaches,  lower 
production  costs,  smaller  inven¬ 
tories  and  increased  output  for 
your  plant.  Whether  the  appli¬ 
cation  be  remote  control  or 
transmission  of  light  power  loads, 
our  long  manufacturing  experi¬ 
ence  insures  smoother  power 
flow,  more  sensitive  control, 
trouble-free  operation  from 
W alker-T urner  Flexible  Shafting . 

Write  today  for  latest  catalog. 


rector  at  large  for  medium  stations, 
T.  A.  M.  Craven,  WOL,  had  previ¬ 
ously  been  elected  as  the  other  di¬ 
rector-at-large  for  medium  stations. 
Directors  at  large  for  small  stations 
are  Matthew  H.  Bonebrake,  KOCY, 
and  Clair  R.  McCollough,  WGAL, 
while  J.  Leonard  Reinsch,  WSB, 
and  J.  Harold  Ryan,  WWVA,  will 
serve  as  directors-at-large  for  large 
stations  for  the  one-year  term  be¬ 
ginning  July  1. 

Two  amendments  to  the  by-laws 
have  been  approved,  first  to  clarify 
the  definition  of  large,  small,  and 
medium  stations  and  second  to 
broaden  associate  memberships. 


Loudness  of  Common  Words 

Working  on  research  aimed  at 
helping  individuals  with  impaired 
hearing.  Dr.  Harold  Westlake  of  the 
speech  and  hearing  clinic  at  North¬ 
western  University  discovered  that 
the  word  “strawberry”  is  the  most 
easily  heard  of  the  commonly-used 
words  tested. 

Next  in  order  of  audibility  at  low 
volume  are  “chicken”,  “oatmeal”, 
“grandmother”  and  “soldier”.  The 
one  hundredth  word,  which  oddly 
enough  was  “squeak”,  had  to  be 
transmitted  at  nearly  three  times 
the  loudness  of  “strawberry”  be¬ 
fore  it  could  be  understood. 

For  the  test,  each  word  was  read 
into  a  microphone,  reproduced  by  a 
loudspeaker  in  a  separate  sound¬ 
proof  room.  A  pre-amplifier  and 
attenuator  controlled  the  relative 
loudness  of  the  signal.  These  word 
ratings  will  be  used,  for  one  thing, 
as  a  standardized  test  of  hearing 
devices. 


AIEE  Officers 

President  of  the  American  Insti¬ 
tute  of  Electrical  Engineers  for  the 
year  beginning  August  1  1946  is 
Dr.  William  E.  Wickenden,  presi¬ 
dent,  Case  School  of  Applied  Sci¬ 
ence,  Cleveland,,  Ohio.  Other  new 
officers  announced  are:  vice-presi¬ 
dents — E.  S.  Fields,  Cincinnati, 
Ohio;  H.  B.  Wolf,  Charlotte,  N.  C.; 
L.  M.  Robertson,  Denver,  Colo.;  F. 
F.  Evenson,  San  Diego,  Calif.;  F. 
L.  Lawton,  Montreal,  Canada,  di¬ 
rectors — J.  M.  Flanigen,  Atlanta, 
Ga.;  J.  R.  North,  Jackson,  Mich.; 
and  Walter  C.  Smith,  San  Fran¬ 
cisco,  Calif. 

The  annual  report  of  the  Insti- 
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A  Tribute 

to  all  those  who  helped  in  the 
greatest  scientific  achievement 
of  all  time . . .  the 

ATOMIC 

BOMB 

“TO  KEEP  THE  PEACE” 

For  the  inspiration  and  leadership  displayed  by  the  Executive,  Mili¬ 
tary,  and  Naval  authorities ...  to  the  Scientists...  Engineers...  to 
Labor,  and  to  those  Companies  that  played  a  part  in  this  unprece¬ 
dented  achievement.  General  Gable  voices  the  sentiment  of  America 
in  extending  highest  praise  and  heart-felt  appreciation.  Because  of 
their  scientific  genius,  their  untiring  effort  and  their  complete  devotion 
to  this  gigantic  task.  Victory  comes  sooner  and  all  mankind  benefits. 

General  Gable  Corporation  is  also  justly  proud  of  the  contribu¬ 
tion  made  by  its  own  staff  in  the  engineering  development  and 
manufacture  of  still  secret  and  exceedingly  special  materials  essential 
in  the  production  of  this  device  of  war  . . .  and  of  Peace. 


GENERAL  CABLE  CORPORATION 


MANVFACTURERS  of  bare  and  insulated  fFlRES 


AND  CABLES  FOR  EVERY  ELECTRICAL  PURPOSE 
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Electrical  Assemblies  —  Hydraulic  Fittings 
Conduit  Fittings  —  Junction  Boxes 

UNION  AIRCRAFT  PRODUCTS  CORP.,  NEW  YORK 


tute  showed  a  total  membership  of 
23,072,  and  revealed  that  during  the 
year  besides  three  national  techni¬ 
cal  meetings  there  had  been  1,431 
meetings  held  by  local  sections. 


Airborne  Electronics 


Based  on  the  estimates  of  Wil¬ 
liam  A.  Mara,  the  Bendix  Aviation 
Corp.  staff  executive  in  charge  of 
developments  relating  to  the  per¬ 
sonal  airplane,  there  will  be  a  con¬ 
siderable  market  for  radio  and 
other  airborne  electronic  equipment 
in  the  postwar  period.  This  fore¬ 
cast  predicts  there  will  be  a  mini¬ 
mum  of  3,500,000  licensed  private 
fliers  by  1960.  Pointing  out  that 
this  is  a  conservative  estimate  he 
declarecj  that  there  would  be  a  pool 
of  some  6,000,000  active  or  poten¬ 
tial  fliers  in  the  nation  at  the  end 
of  the  war  with  a  nucleus  of  500,- 
000  who  have  been  trained  to  fly 
airplanes.  These  consist  of  107,- 
327  private  pilots  holding  CAA 
licenses  at  the  end  of  1944;  25,000 
licensed  transport  and  commercial 
pilots;  159,000  pilots  listed  as 
trained  by  the  AAF  as  of  Decem¬ 
ber  1944,  and  47,000  pilots  listed 
on  the  United  States  Navy  roster 
as  of  December  1,  1944. 


Including  Scandinavia 


As  A  RESULT  of  special  priorities 
assistance  granted  by  WPB  to  the 
Norwegian  government,  the  first 
direct  radiotelephone  communica¬ 
tion  between  Norway  and  the 
United  States  is  expected  to  open 
for  public  use  late  this  year.  Sim¬ 
ilar  aid  has  been  given  France. 


Census  of  Laboratories 


National  Research  Council  is 
busy  compiling  the  8th  edition  of 
its  directory  “Industrial  Research 
Laboratories  in  the  United  States.” 
In  the  7th  edition,  published  in 
1940,  there  were  2,264  companies 
who  listed  their  industrial  research 
laboratories,  and  the  Council  is 
eager  to  receive  information  con¬ 
cerning  new  laboratories  which 
may  have  been  founded  since  that 
time. 

Research  men  are  urged  to  in¬ 
quire  of  their  directors  whether 
questionnaires  have  been  received 
as  those  reporting  in  1940  will  have 
had  their  printed  statements  sent 


vo 


'NIONAIR’S  manufacture  of  electrical  assemblies  to 
customers*  specifications  calls  for  the  use  of  men  with 
many  specialized  skills. 

The  photograph  above  shows  precision  hand  workers 
laboriously  and  patiently  building  by  hand  the  first  work¬ 
ing  models  of  an  electrical  device.  These  models  will  be 
tested  and  approved  before  quantity  production  of  the 
device  is  undertaken.  Years  of  experience  have  proven  to 
Unionair  and  its  customers  the  wisdom  of  this  step. 

The  time  is  fast  growing  closer  when  our  organization 
will  be  able  to  turn  from  important  war  work  to  work  for 
you.  Write  for  our  new  booklet,  titled,  "Electrical  Assem¬ 
blies  Made  to  Customers*  Specifications,**  to:  Union  Air¬ 
craft  Produas  Corp.,  245  East  23rd  Street,  Dept.  E, 
New  York  10,  N.  Y. 
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SORENSEN 

riHfiOuncei 

theINCREVOLT 


Sorensen  and  Company,  Inc.  offer  a  brand 
new  idea  in  variable  A.C.  voltage  controls.  The 
INCREVOLT  is  a  control  capable  of  providing 
0  to  130  volts  in  increments  as  small  as  1/10 
volt  variation. 

The  current  on  Model  5  is  5  amps,  maximum, 
and  15  amps,  maximum  on  Model  15. 

This  outstanding  control  has  the  additional 
feature  of  “burn  out”  protection.  The  INCRE¬ 
VOLT  is  equipped  with  Klixon  Thermostat 
protection,  which  provides  absolute  assurance 
against  short  circuits  or  overloads,  which  in 
the  past  caused  many  a  burned  out  coil  in  the 
variable  voltage  transformer. 


KNO 


Model  5 

•  5  amps. 


Model  1  5 

•  15  amps. 


•  0-130  volts  •  0-130  volts 


VilHO'N 


^  as?}© 


miborne  electronics 
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P^rmoflux  Speakers  and  Transformers 
Set  New  Standards  of  Comparison! 

New  Permoflux  speakers  in  a  complete  range  of  true-dimensioned 
sizes  trom  2"  to  1 5",  with  power  handling  capacities  from  1  to  20 
watts,  provide  the  finest  sound  reproduction  for  every  application. 

Permoflux  midget  transformers,  with  their  many  practical  circuit 
applications,  have  literally  revolutionized  efficiency  concepts  where 
size  ond  weight  are  determining  factors. 

Advanced  engineering  designs,  improved  manufacturing 
methods  ond  new  materials  have  oil  contributed  their  share  in  the 
development  of  Permoflux  speakers,  transformers,  microphones 
and  headphones.  You  can  count  on  Permoflux  to  provide  an  acous¬ 
tical  unit  to  suit  your  exacting  requirements. 


BUY  WAR  BONDS  FOR  VICTORY! 


PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 


for  revision.  If  no  questionnaire 
has  arrived,  one  will  be  sent  upon 
request  to  the  Library,  National 
Research  Council,  2101  Constitu¬ 
tion  Avenue,  Washington  25,  D.  C. 
There  is  no  charge  nor  obligation 
for  inclusion  in  the  listing. 

Broader  ASA 

Changes  have  been  made  in  the 
Constitution  of  the  American 
Standards  Association  (ASA) 
which  will  remove  restrictions  con¬ 
fining  its  work  to  “those  fields  in 
which  engineering  methods  apply”. 
Thus,  future  standardization  proj¬ 
ects  can  be  in  any  field  which  de¬ 
serves  national  recognition.  Other 
changes  provide  for  specific  men¬ 
tion  of  the  consensus  principle,  by 
which  all  groups  with  an  interest 
in  a  particular  standard  have  the 
right  to  a  voice  in  its  development, 
and  allow  for  election  to  the  board 
of  directors  of  three  members-at- 
large.  At  present  all  but  the  ex- 
officio  members  of  the  board  are 
nominated  in  rotation  by  the  mem¬ 
ber  bodies. 

End  of  ABSIE 

At  midnight  on  July  4,  the  Ameri¬ 
can  Broadcasting  Station  in  Eu¬ 
rope  (ABSIE)  went  off  the  air 
after  fourteen  months  of  continu¬ 
ous  operation.  Operated  by  OWI, 
the  station  developed  a  tremendous 
audience  estimated  at  one  time  at 
80  percent  of  the  people  of  occu¬ 
pied  Europe. 

Berlin  to  America 

At  the  beginning  of  July,  Press 
Wireless  began  direct  radiotele¬ 
graph  service  between  Berlin  and 
the  Times  Square  control  center  in 
New  York.  The  first  message  was 
one  addressed  to  American  Broad¬ 
casting  Co.,  New  York,  from  one  of 
its  correspondents,  and  was  re¬ 
ceived  at  300  words  per  minute. 
Handled  through  the  mobile  sta¬ 
tion  PX,  transmission  is  later  to  be 
extended  to  voice  and  radiophoto 
services. 

RCA  Scholarships 

Promising  young  scientific  stu¬ 
dents  are  to  be  encouraged  by  a 
scholarship  plan  adopted  by  Radio 
Corp.  of  America  and  recently  an¬ 
nounced  by  Brigadier  General 
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STAINlMSi^U 

PARTS 


MACHINE  PARTS  MADE  BY  POWDER  METALLURGY 


POWDER  METALLURGY  permits  low  cost,  high  volume  production  of 
close  tolerance  parts  hitherto  impossible  by  other  methods.  Other  advan¬ 
tages  include:  maintaining  high  purity  of  metal  content;  obtaining  a  wide 
range  of  certain  physical  properties  .  .  .  with  nominal  material  waste. 


FOR  YOUR  POSTWAR  NEEDS. ..High"Q",  high  permeability  lappr. 301 
Iron  Cores  for  use  from  400  KC  to  2000  KC.  RADACOR  Iron  Cores  are 


^^RADacOR^ iron  cores 


also  available  in  a  wide  variety  of  sizes,  shapes  and  permeabilities  for 
F.M.  and  television,  in  addition  to  our  complete  line  of  electronic  cores. 

ELECTRONIC  &  MECHANICAL  POWDER  METALLURGY 


DIVISIOM 


- MAGUIRE  INDUSTRIES,  INC. - 

375  Fqirflald  Av«nu«,  Stamford,  Conn. 

Earl  S.  Patch,  Solos  AAonogor 

Solos  Roprosontotivos: 

NEW  YORK,  N.  Y.,  Room  1048,  Grand  Control  Torminol,  E.  J.  Frodorick 
CHICAGO,  ILL.,  840  N.  Michigan  Avo.,  Ray  E.  Borg,  E.  C.  Winkonwordor 
INDIANAPOLIS,  IND.,  108  E.  9th  St.,  Quoissor  Bros.,  Loo  Hinds 
JENKINTOWN,  PA.,  P.O.Box  246,  D.  M.  Hilliard 
CANADA,  1041  Dos  AAarchais  Blvd.  Vordun,  Quoboc,  W.  T.  Howos 
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BX 

SERIES 


The  urgent  demand,  in  peacetime  days,  by  the  aircraft 
and  radio  industries  for  a  compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip> 
ment  for  the  armed  services. 

Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  spe^  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality'proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for,  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


DYNAMOTORS  •  CONVERTERS 
GENERATORS 

POWER  PLANTS  •  GEN-E-MOTORS 


PIONEER  GEN-E-MOTOR 

CORPORATION 

5841-49  DICKENS  AVENUE  CHICAGO  39,  TlLINOlS 

F.port  Offic-  2F  Wi,rr.-n  tl.w  York  7  U.S  A 

Cu!-'.  A.I.-m-/,  Si.nof'rK.,  N  Y 


David  Sarnoff,  the  company’s  presi- 
dent. 

The  plan  provides  for  ten  stu¬ 
dents  to  receive  awards  during  the 
academic  year  1945-46,  thirty  dur¬ 
ing  1946-47,  fifty  during  1947-48, 
and  sixty  each  academic  year  there¬ 
after.  Each  consists  of  a  cash 
award  of  $600. 

Eligible  students  will  be  those 
enrolled  at  universities  to  be 
selected  by  the  RCA  education  com¬ 
mittee.  Selection  will  be  made 
upon  recommendation  of  the  dean 
and  by  approval  of  the  committee, 
which  consists  of  James  Rowland 
Angell,  president  emeritus,  Yale 
University  and  counselor  of  NBC 
(chairman) ;  Gano  Dunn,  presi¬ 
dent,  J.  G.  White  Engineering  Co., 
president  of  Cooper  Union,  and  RCA 
director;  C.  B.  Jollilfe,  vice  presi¬ 
dent  in  charge  of  RCA  laboratories; 
and  F.  H.  Kirkpatrick,  director  of 
education  and  training,  RCA  Vic¬ 
tor  Division. 


Stratovision 

A  TRANSMISSION  TECHNIQUE 
whereby  vhf  and  uhf  signals  will  be 
retransmitted  from  airplanes  flying 
in  the  stratosphere  is  being  planned 
on  a  cooperative  basis  by  Westing- 
house  Electric  Corp.  and  the  Glenn 
L.  Martin  Co. 

The  radius  of  coverage  of  a  tele¬ 
vision  or  f-m  transmitter  can  be  in¬ 
creased  from  about  50  miles  for  the 
terrestrial  transmitter  to  about  200 
miles  by  Stratovision,  and  the  power 
required  to  cover  the  larger  area  by 
the  stratosphere  antenna  reduced 
to  about  two  percent  of  that  re¬ 
quired  to  cover  the  smaller  area  a 
number  of  terrestrial  antennas. 

Slow  speed  aircraft  capable  of 
maintaining  their  position  against 
high  altitude  winds  would  circle 
above  the  area  to  be  covered,  re¬ 
ceiving  signals  beamed  up  from 
small  studio  relay  transmitters  or 
relayed  to  them  from  other  stratos¬ 
phere  stations.  The  programs  would 
then  be  retransmitted  to  domestic 
ground  receiving  antennas. 

The  strato-station  airplane  would 
be  controlled  by  an  autopilot.  Thei 
aircraft  crew  would  need  only  make 
minor  adjustments  of  the  controls. 
The  uhf  directional  relay  antenna 
arrays  would  be  kept  focused  on 
the  circling  aircraft  by  servo  con* 
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Today,  as  always,  Southern  New  England  is  the 
heart  of  the  world’s  richest,  most  highly-concen¬ 
trated  market  .  .  .  the  best  of  all  reasons  why 
industry  should— and  does— make  this  its  home. 

Draw  a  circle  500  miles  from  the  center  of 
Southern  New  England  and  you  will  include 
58,000,000  consumers.  Into  that  circle.  Southern 
New  England  pours  not  only  consumer  goods 
but  its  producer  commodities— machinery,  tools, 
ball  bearings— the  parts  and  equipment  that  keep 
other  industries  going. 

Beyond  that  circle  looms  the  great  world  market 
of  tomorrow  ...  a  market  that  will  be  served 
most  efficiently  by  Southern  New  England’s  stra¬ 
tegically  located  ports. 

Southern  New  England  has  its  personal  appeal, 
too.  For  with  its  many  delightful  residential  com¬ 
munities,  its  hills,  lakes,  and  sandy  beaches  never 
more  than  a  few  miles  from  where  you  work, 
Southern  New  England  is  a  great  place  to  live 
and  play. 
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As  you  weigh  the  future  of  your  new  or  expand¬ 
ing  business,  consider  Southern  New  England. 

Search  where  you  will,  you  won’t  find  a  more 
favorable  spot .  .  .  anywhere. 

For  your  business  and  personal  postwar  plan¬ 
ning,  we  offer  an  industrial  booklet  in  full  color: 
"Southern  New  England  for  Tomorrow’s  Indus¬ 
try’’.  This  booklet  is  yours  for  the  asking.  Write 
to  P.  E.  Benjamin,  Manager  of  Industrial  Devel¬ 
opment,  The.  New  Haven  Railroad,  80  Federal 
Street,  Boston  10,  Mass. 

This  is  one  of  a  series  of  advertisements  presenting 
the  industrial  advantages  of  Southern  New  England. 
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Serving  SOUTHERN  NEW  ENGLAND  with  a  network 
of  rail  and  highway  transportation  that  puts  every 
manufacturer  ON  THE  main  line. 


Here’s  o  soldering  iron  with  •  • 


I^VY 


% 


yl^TTS) 


*  HEATS  IN  ONLY  90  SECONDS 

*  MAINTAINS  PROPER  HEAT 

*  CANT  OVERHEAT 

*  LESS  RETINNING  NEEDED 

*  TIPS  LAST  LONGER 

*  COOL,  SAFE  HANDLE 

*  LIGHT  WEIGHT 


$U5 


The  Kwikheat  Soldering  Iron 
has  ample  reserve  power  for 
your  soldering  iobs — 225  watts 
held  in  check  by  a  thermostat 
built  right  into  the  iron* — main¬ 
taining  ideal  temperature  for  perfect 
soldering — preventing  overheating 
(which  causes  deterioration  in  other 
irons)~prolonging  life  of  tips  and  elimi¬ 
nating  the  need  for  constant  retinning.  Be¬ 
sides  these  big  advantages,  the  Kwikheat  iron 
hot,  ready  to  use  only  90  seconds  after  plug¬ 
ging  in.  It  is  extremely  light  (14  ounces),  well- 
balanced,  and  has  a  safe,  cool  handle.  No  wonder 
Kwikheat  is  a  sensation  wherever  it  is  used.  Ask  your 
iobber.  With  choice  of  ^0,  1,  2,  or  3  tips.  $11.00 
INTERCHANGEABLE  TIP  STYLES 


$1.25 


$1.25 


$1.25 


$1.75 


$1.25 


*por«nrtd 


trollers 

for  four  television  and  five  f-m 
stations  to  operate  through  the 
Stratovision  installation.  Power 
for  the  radio  equipment  would  be 
about  four  percent  of  the  motive 
power  for  the  airplane. 

Because  one  airplane  installation 
will  cover  so  large  an  area,  the  oper¬ 
ational  cost  of  Stratovision  will  be 
one-thirteenth  that  of  land  based 
relay  and  transmission  stations. 
Technical  aspects  have  been  solved 
in  connection  with  other  activities. 
As  soon  as  production  is  available 
tests  will  be  conducted. 

Airway  Pulse-Time  Relay 

Pulse-time  modulation  is  to  be 
used  in  a  new  u-h-f  radio  relay  sys¬ 
tem  which  is  the  subject  of  an  ap¬ 
plication  to  FCC  by  Federal  Tele¬ 
phone  &  Radio  Corp. 

Connecting  New  York  and  Wash¬ 
ington,  this  system  would  be  used 
to  supply  coordinated  information 
to  the  airways  serving  these  cities. 
Ten  relay  stations  would  intervene. 
Frequencies  requested  are  in  the 
following  ranges :  4,200  to  5,200  Me, 
1,225  to  1,325  Me,  and  7,000  to 
8,500  Me,  with  A2,  A3,  A4,  A5  and 
special  emission  and  10  watts  of 
power. 

Safety  Engineering  Joins 
the  Curriculum 

New  York  University  has  been 
given  a  grant  of  $8,000  by  The  Na¬ 
tional  Safety  Council  to  permit  in¬ 
stallation  of  safety  engineering 
courses  in  the  College  of  Engineer¬ 
ing  as  an  integral  part  of  basic  en¬ 
gineering  training.  A  professor¬ 
ship  will  be  established  and  all  en¬ 
gineering  laboratories  and  shops 
will  be  reorganized  and  reequipped 
so  that  they  will  incorporate  true 
safety  practices.  Safety  will  not  be 
offered  as  a  specific  course  but  will 
be  integrated  into  all  other  courses 
of  the  school.  The  slogan  will  be 
“to  make  the  embryo  engineer  un¬ 
consciously  safety  conscious.” 

Industrial  Electronic 
Training  Course 

Lecture  material  consisting  of 
ound-slide  films,  each  approxi- 
nately  one-half  hour  long,  review 
oooklets  with  questions,  and  an  in- 
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EDGE  VIEW  OF  0  00075  INCH 
NICKEL  STRIP 


EDGE  VIEW  OF  A  PAGE 
FROM  THIS  MAGAZINE 


MAGNIFIED  APPROX.  25  TIMES 


They  wanted  wire,  tube 
and  strip  in  ,, 


...and  found  the  strong,  corrosion 
resistant  metals  they  sought 
among  the  Inco  Nickel  Alloys 


Are  you  looking  for  metals  in  ultra-fine  sizes  for  es¬ 
sential  applications  today...or  for  your  new  products 
after  the  war? 

Do  you  want ...  in  addition  to  the  split-hair  size 
. . .  metals  with  strength,  toughness  and  high  resis¬ 
tance  to  corrosion? 

Then  take  a  look  at  these  examples  of  how  iNCO 
Nickel  Alloys  can  be  produced  in  practically  any 
form  or  size  you  may  want  for  applications  that  need 
a  rustless  corrosion-resisting  material  with  high  me¬ 
chanical  properties . . . 

THE  WIRE  shown  in  the  magnified  photo  above 
knotted  around  two  strands  of  human  hair  is  0.0009" 
thick.  A  pound  would  stretch  80  miles.  It  is  a  regular 
commercial  product  of  the  Driver-Harris  Co. 

THE  TUBING,  one  of  the  smallest  ever  drawn,  is 
compared  with  a  mosquito’s  stinger.  Outside  diame¬ 
ter  of  this  nickel  tube  is  0.0019";  inside  diameter, 
0.0004".  (World’s  smallest  metal  tube,  0.0014"  out¬ 
side  diameter,  is  also  Nickel.)  Superior  Tube  Com¬ 
pany  produces  commercial  tubing  in  iNCO  Nickel 
Alloys  as  small  as  0.010",  outside  diameter. 

THE  STRIP  is  .00075"  thick  . . .  one-third  the 
thickness  of  this  page.  It  would  take  more  than  1300 
strips  to  equal  an  inch.  This  nickel  strip  is  made  by 
Somers  Brass  Company  for  regular  commercial  use. 


MOSQUITO’S 

STINGER 


In  addition  to  their  group  properties  of  high  strength, 
toughness  and  corrosion  resistance,  individual  iNCO 
Nickel  Alloys  have  specialized  properties  for  appli¬ 
cations  requiring  high-temperature  strength,  special 
hardness,  resilience,  etc. 

“Tremendous  Trifles’’  a  booklet  which  discusses 
the  properties,  sizes  and  forms  of  8  iNCO  Nickel 
Alloys  will  be  sent  to  you  on  request.  Please  give 
Company,  Name  and  Title.  Address; 

THE  INTERNATIONAL  NICKEL  COMPANY,  INC. 
67  Wall  Street,  New  York  5,  N.  Y. 


INCO  NICKEL  ALLOYS 


Ship . . .  Red . . .  TMup  . . .  Wire . . .  CatHmgt . . ,  WMhtg  Keds 
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IT  CAN 


BE  DONE! 


Time  and  again  this  war  has  proved  that 
nothing  is  impossible!  Proved  right  here  in 
our  own  backyard,  as  Temple  engineers  and 
craftsmen  delve  along  unblazed  trails  of  re¬ 
search  and  experiment  to  design  and  produce 
more  and  better  communications  equipment 
for  the  battle  fronts. 

This  ability  to  both  design  and  deliver  the 
seemingly  impossible,  under  stress  of  war, 
has  bred  an  unfailing  inventive  capacity 
that  should  prove  invaluable  in  meeting 
the  vast  commercial  requirements  of  peace. 


Electronics  Division 

TEMPLETONS 

RADIO  MFC.  GORP. 

New  London,  Conn. 


ssructor’s  guide  form  the  basis  of  a 
twelve-lesson  course  in  industrial 
electronics  prepared  by  General 
Electric  Co.  All  the  materials  fit  in 
a  durable  carrying  case. 

Instruction  includes  a  fundamen¬ 
tal  introduction  to  the  electron, 
electron  tubes  used  as  rectifiers, 
grid  control  of  electron  tubes,  two 
parts  on  fundamentals  of  electri¬ 
city,  electronic  relay  systems,  elec¬ 
tronic  rectifier  equipment,  variable- 
speed  motor  control,  electronic 
control  of  a-c  power,  electronic 
heating,  photoelectric  systems,  and 
prospects  for  the  future  of  elec¬ 
tronics. 

The  entire  course  is  priced  at 
$100  with  additional  instructor’s 
guides  at  $1  each  and  review  book¬ 
lets  for  $2  per  set  of  12.  Informa¬ 
tion  may  be  obtained  from,  or  or¬ 
ders  placed  with  General  Electric 
Co.  Schenectady  5,  N.  Y.  or  any 
G-E  sales  office. 

Travelers’  Aid  by  Radio 

176  SPECIAL  RADIO  stations  are 
slated  to  be  installed  throughout 
Argentina,  operated  under  the 
direction  of  the  Argentina  Automo¬ 
bile  Club,  and  controlled  by  post 
office  authorities.  Purpose  of  the 
system  will  be  to  transmit  calls  for 
assistance,  data  about  weather  or 
other  development  relating  to  high¬ 
way  or  air  travel,  police  and  health 
messages,  and  dispatches  in  con¬ 
nection  with  movements  of  mili¬ 
tary  organizations. 

Other-American  Radio 

Resulting  from  information 
gathered  by  a  questionnaire  mailed 
to  radio  broadcast  stations  through¬ 
out  Latin  America,  basic  informa¬ 
tion  on  their  operation  has  been 
published  in  book  form  by  the  Office 
of  Inter-American  Affairs  and 
copies  can  be  obtained  free  of 
charge  from  Kay  Bailly,  in  the  New 
York  Office  at  444  Madison  Avenue. 

While  forms  were  sent  to  all  sta¬ 
tions,  some  were  not  returned  and 
others  were  submitted  in  incom¬ 
plete  condition.  The  data  has  been 
listed  just  as  received. 

Details  of  the  various  stations 
include  frequency,  i>ower,  oper¬ 
ating^  time,  ownership,  mechanical 
program  equipment  installed,  and 
personnel.  Additional  features  of 
the  book  include  maps  of  the  vari¬ 
ous  countries,  a  time. chart  for  the 
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i,  1935 

FACSIMILE  COMMUNICATIONS 

11945 

Since  1 935/  the  engineering  staff  of  Times  Telephoto  Equipment  Inc. 
and  its  predecessor  company  has  been  engaged  exclusively  in 
developing  and  producing  facsimile  communications  equipment. 

Times  Telephoto's  long  experience  in  this  new  and  revolutionary 
field  of  communications,  its  leadership  in  design  and  practical 
application,  will  be  invaluable  to  the  postwar  user.  These  facsimile 
sets  are  used  for  sending  and  receiving  written  and  printed  matter, 
photographs  and  maps.  They  are  standard  equipment  of  the 
U.  S.  Signal  Corps,  Army  Air  Forces,  Navy,  the  Office  of  Woi 
Information  and  some  commercial  companies  and  foreign 
governments. 

When  all  military  needs  have  been  met.  Times  Telephoto  Equipment 
Inc.  will  be  ready  to  supply  facsimile  communications  equipment 
especially  designed  to  meet  your  particular  requirements.  Write 
today  for  your  copy  of -the  booklet,  “Elements  of  Facsimile 
Communications." 


HUNDREDS  OF  THIS  MODEL 
ARE  ALREADY  IN  SERVICE 


TIMES  TELEPHOTO  EOOlPMENT  INC. 


A  Subsidiary  of  The  New  York  Times 


229  West  43  Street 


NewYork18,N.Y. 
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Manufacturers  have  continually 
called  upon  the  modern  facilities 
of  Tech  Lab  Subcontracting  De* 
partment  to  assist  them  in  the 
production  of  unusual  and  vital 
electronic  equipment.  Our  Engi* 
neering  Department  is  ready  to 
assist  you  with  your  production 
problems. 


mil, 

m 


TiftMcioC  and 

ELECTRONIC  EQUIPMENT 


PRODUCED  BY 


TECH  LAB 

SUBCONTRACTING  DEPT. 


MANUFACTURERS  OF  PRECISION 


ELECTRICAL  RESISTANCE  INSTRUMENTS 


15  LINCOLN  STREET,  JERSEY  CITY  7,  N.  J. 


western  hemisphere,  exchange  rate 
tables  for  the  other  American  re¬ 
publics,  summaries  on  numbers  of 
radio  stations  and  receivers,  and 
network  connections  in  the  dif¬ 
ferent  countries. 

MEETINGS  TO  COME 

Sept.  3;  Third  Inter- American 
Radio  Communications  Confer¬ 
ence,  Rio  de  Janeiro,  Brazil,  Tele¬ 
communications  Division,  Ministry 
of  Exterior  Relations,  Rio  de  Jan¬ 
eiro. 


WASHINGTON  NEWS 

Easing  op  Controls.  Modification 
in  WPB  orders  revokes  all  restric¬ 
tions  on  production  of  electronic 
equipment  or  subjects  them  to  spot 
authorization  procedure.  Priority 
regulation  25  describes  the  revised 
method  of  getting  authorization  to 
make  a  product  that  is  still  re¬ 
stricted  by  limitation  orders.  All 
spot  applications  must  be  cleared 
with  local  production-urgency  com¬ 
mittee  as  well  as  with  the  Radio 
and  Radar  Industry  Division  in 
Washington  to  establish  that  the 
contemplated  production  will  not  in¬ 
terfere  with  military  programs. 

Among  the  items  eliminated 
from  coverage  of  the  general  limi¬ 
tation  order  L-265  are  certain 
items  that  do  not  require  electronic 
components  and  are  not  generally 
produced  on  facilities  now  being 
used  for  electronic  equipment 
Among  these  are  radio  antennas, 
recording  blanks,  and  spring-motor 
acoustic  phonographs. 

Among  materials  whose  controls 
have  been  relaxed  are  the  smaller 
sizes  of  mica  of  all  qualities,  formal 
authorization  no  longer  being  re¬ 
quired  for  use  in  sizes  smaller  than 
grade  4.  At  the  same  time,  Mada¬ 
gascar  mica,  previously  reserved 
for  purchase  only  by  United  Na¬ 
tion  governments  is  now  available 
to  private  importers.  Production, 
distribution,  and  sale  of  transform¬ 
ers,  capacitors  or  other  radio  com¬ 
ponents,  designed  for  use  in  equip¬ 
ment  not  involving  the  use  of 
vacuum  or  gaseous  tubes,  or  de¬ 
signed  for  use  in  equipment  specifi¬ 
cally  excluded  from  order  L-265  are 
not  subject  to  controls. 

■Restrictions  have  also  been  re¬ 
moved  from  complete  sets  of  elec¬ 
tronic  equipment  as  well  as  the  fol¬ 
lowing  components:  coaxial  cable, 
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He's  no  Beau  Brummell,  this  rough  and  ready 
permanent  magnet  but  when  he's  measured  up  for 
casting,  he's  just  as  fussy  about  the  length  and 
girth  of  his  trousers  and  about  the  fit  of  the  coat 
Give  him  a  suit  that's  too  baggy  or  skin-tight  and 
he  won't  be  able  to  do  his  best  work. 

Casting  tolerances  for  the  ALNICOS  are  impor¬ 
tant  to  know  when  designing  permanent  magnets. 
Certain  latitude  is  permissible  but  to  stray  beyond 
practical  limits  is  to  invite  trouble.  Many  years  of 
experience  in  designing  and  casting  ALNICO 
Magnets  have  taught  us  much  about  casting  tol¬ 
erances.  Our  ideas  are  summarized  in  the  chart 
shown  at  the  left  and  discussed  in  detail  in  our 
pamphlet  PERMANENT  MAGNET  DESIGN.  If 
you  are  designing  your  own  magnets  you  should 
have  this  information  handy.  We'll  be  glad  to 
send  you  a  copy. 


1  ITEM 

GOOD  COMMERCIAL  TOLERANCE 
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hermetically  sealed  and  other  trau 
formers  and  reactors,  oil-impr; 
nated  power  factor  and  mold 
bakelite  capacitors,  and  wire-wo^ 
resistors.  These  changes  we 
provided  in  an  amendment  to  Pi 
orities  Regulation  13.  Also,  tt 
number  of  restricted  radio  ai 
radar  tubes  was  changed  by  tl 
removal  of  four  tubes  from  the  lii 
and  the  addition  of  seven,  makingi 
total  of  23. 

Educational  Bboadcasts.  Unde 
the  auspices  of  FCC,  a  three-da 
meeting  was  recently  held  in  Wasi 
ington  by  educators  representin 
schools  throughout  the  countr; 
The  objective  was  to  plan  witi 
SPB  (Surplus  Property  Board)  tb 
utilization  of  surplus  radio  an 
electronic  equipment  in  fosterin: 
and  expanding  educational  prc 
The  gathering  envisione 


grams. 

an  ultimate  system  of  more  thai 
800  broadcasting  stations  devote! 
exclusively  to  educational  pursuit 
Other  factors  considered  were 
possibility  of  using  surplus  equi{' 
ment  and  components  for  study  h 
classroom  and  laboratory  as  well. 

FCC  Regulations.  Section  6.11  oi 
the  FCC  rules  governing  fixed  puw 
lie  radio  service  has  been  amendeij 
to  permit  use  of  A-3  emission  fci 

transmisi 


1200  WORDS 


per  minute! 


Extraordinary  —  but  true!  Mecanitron  has  made 
new  history  in  communications!  This  proven  per¬ 
formance  recorder  equipped  for  either  on-off 
keying  or  frequency  shift  reception  may  be  used 
alone  for  code  transcription  at  any  speed  or  in 
connection  with  teletype  transmitting  and  receiv¬ 
ing  terminal  equipment  for  translation  into  the 
printed  word. 

Constructed  for  all  speeds;  because  of  its  clear, 
accurate  reception  at  1200  w.p.m.,  Mecanitron 
does  a  superb  job  at  ordinary  and  low  speeds. 

Pulse  amplifier  output  response  constant  when, 
input  power  varies  between  — 5  db  to  +25  db; 
input  impedance  500  ohms;  operating  voltage 
ranges  110-120  volts  A.C.  at  50-60  cycles,  220  volts 
A.C.  at  25-50-60  cycles. 

For  further  detcdls,  write  to 


the  following  purposes 
sion  of  addressed  program  mate 
rial,  as  set  forth  in  section  6.51 
controlling  the  transmission  and  re 
ception  of  addressed  program  mate 
rial,  and  controlling  the  transmit 
sion  and  reception  of  facsimile  ma 
terial.  Changes  have  also  bee: 
made  in  the  requirements  for  peri 
odical  reports  of  frequencies  use* 
and  points  serviced. 

Interim  F-M.  Until  the  time  whei 
receivers  for  the  88-106  me  band; 
are  available,  FCC  is  encouraginj 
temporary  operation  in  both  bands 
Accordingly,  any  licensee  wishing  t( 
operate  in  the  new  band  may  in 
formally  apply  to  the  Commissioi 
for  the  temporary  assignment  of  > 
frequency  until  such  time  as  rules 
regulations  and  standards  an 
finally  adopted. 

Since  these  factors  are  currentlj 
under  discussion  and  may  ^ 
changed  or  modified,  temporary 
thorization  will  not  be  a  determina¬ 
tion  of  coverage,  power,  or  othet 
factors  relating  to  the  assignmeni 
that  existing  stations  will  events 
ally  be  given;  Requests  for  tem 


MECANITRON  CORPORATION 
711  Boylston  St.,  Boston  16.  Mass.,  U.S  A 
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Thil  Automobile  Clock  It  lot  by  pushing  In  the 
clock  ipIndU  to  ditongago  It  from  the  mochanism 
and  than  turning.  Tha  sketch  shows  how  both  the 
push-pull  and  rotation  are  obtained  with  a  flailbla 
shaft  from  a  convanlant  point  undar  tha  dash.  A 
similar  arrangement  Is  used  on  spaadomatars  for 
resetting  trip  mllaaga. 


This  Marina  Spot  Light  is  rotatad  horizontally  by  turning 
tha  control  knob  of  tha  flaxibla  shaft  ramota  control,  and 
it  tiltad  up  by  pulling  tha  knob  out,  and  tiltad  down  by 
pushing  it  in.  A  similar  arrangamant  it  utad  on  automobila 
spot  lights. 


S«nd  for  TM$  2S6-Page  Flexible  Shaft  Handbook 

This  book  fully  covers  fhe  subject  of  flexible  shafts.  It  gives 
ell  essential  engineering  data  on  both  power  drive  and 
^  remote  control  shafts  and  explains  how  to  select  and 
*  Apply  fbem  for  specific  requirements.  A  complimentary 
copy  will  be  mailed  if  you  will  write  for  it  on  your  business 
letterhead  and  indicate  your  position. 
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DENTAL  MFO.  CO. 


INDUSTRIAL 


DIVISION 


— ^  OlfT.  I.  10  lAtT  OOtb  ST..  MIW  TOOK  N.  Y.  _ 
PlIXIIll  SHAFTS  AIICIAFT  ACCItSORICI 


MOLOlO  FlASTiCt 


MOLDID  RESISTORS 


PLEXIILE  SHAFT  TOOLS 
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a  stmp^  t4mff  7^  fAotnUe 

COMBINED  PNSH-PBLL  AND  ROTATIONAL 


REMOTE  CONTROL 


Remote  control  of  elements  requiring  push- 
pull  as  well  as  rotation,  can  readily  be  accom¬ 
plished  with  a  single  S.  S.  White  Remote  Con¬ 
trol  Flexible  Shaft.  Two  examples  are  illus¬ 
trated.  Designers  of  electronic  equipment 
may  find  occasion  to  use  this  simple  solution 
to  the  problem  of  combined  push-pull  and 
rotational  remote  control. 


THIS  VALUABLE  BOOK 
On  Temperature  Control 


Mailed  to  you 
without  obligation 
immediately 


TO  AIRCRAFT  DEVELOPMENT 
ENGINEERS 

Before  deciding  on  temper* 
ature  regulating  devices  for 
your  products,  be  sure  to  in¬ 
vestigate  Fenwal  Thermo¬ 
switches.  They  operate  on  an 
unusual  principle,  and  offer 
many  advantages  not  found 
in  other  types  of  switches. 
The  Eenwal  Engineering 
Data  Book  conuins  detailed 
drawings  of  construction  of 
various  models  and  typical 
installations. 


•  Compact  construction  per¬ 
mits  installation  in  tight 
places. 

a  Make  and  break  unaffect¬ 
ed  by  external  vibration. 

G  Readily  adjustable  for 
wide  range  of  temperature 
control. 

•  Minutely  accurate. 

•  Adaptable  for  all  types  of 
media. 

•  Inexpensive. 

•  A  44-page  treatise  on  Thermal 
Control  including  installation 
drawings,  photographs,  blueprints 
and  descriptive  suggestions  for 
future  planning  with  basic  princi¬ 
ples  involved  in  temperature  ref¬ 
lation  and  control.  .  .  .  Just  write 
for  your  fret  copy  on  your  busi¬ 
ness  letterhead. 


"IF  IPS  A  FENWAL  — IT’S  THE  BEST  OF  ALL” 


m  cisritti  TtsrtisTut  cistiii 

41  Pteosan*  Street,  Ashland,  Massachusetts 


porary  operation  of  this  type  shouM  | 
include  a  description  of  the  pr>  | 
posed  transmitting  equipment,  o-*-  | 
put  power,  antenna  system,  ..u 
monitoring  equipment  or  methodi. 
Special  authorizations  will  be 
issued  for  90-day  periods  Ly  the 
chief  engineer. 

The  Commission  also  points  out 
that  the  42-50  me  band  will  be 
closed  as  soon  as  f-m  receivers  are 
generally  available  to  cover  88-106 
me.  This  will  make  it  unnecessary 
to  build  new  receivers  covering  the 
42-50  me  region.  However,  because 
it  will  not  be  necessary  for  an  exist¬ 
ing  f-m  licensee  to  give  up  a  fre¬ 
quency  in  the  44-50  me  band  until 
a  television  station  is  authorized 
to  operate  in  it,  it  is  considered 
likely  that  few  f-m  stations  will 
find  it  necessary  to  make  an  in¬ 
terim  move  to  the  42-44  me  band 
suggested  in  the  Commission’s  final 
allocation  report. 

Broadcast  Power.  After  Sept.  1, 
full  power  operation  will  be  op¬ 
tional  as  a  result  of  a  recent  order 
by  FCC  affecting  broadcast  sta¬ 
tions.  After  October  1  it  will  be¬ 
come  mandatory.  Dating  back  to 
November  6  1942,  the  one-decibel  I 
.  power  cut  is  restored  because  WPB  | 
informed  FCC  that  materials  and  I 
equipment  for  transmitters  are  now  | 
generally  available.  The  operation  I 
of  standard  broadcast  stations  with  I 
full  power  is  in  the  public  inter-  | 
est,  and  opportunity  should  be  af-  I 
forded  for  making  the  necessary  re-  I 
adjustments  and  tests  to  return  to  I 
normal  operating  practices.  I 

Also,  since  materials  and  equip-  I 
ment  are  now  available  to  a-m  sta-  1 
tions  for  construction  of  most 
facilities  required  by  FCC’s  stand¬ 
ard  of  good  engineering  practice, 
FCC  will  require  that  licensees  who 
have  been  permitted  to  operate 
without  fully  conforming  to  stand-  I 
ards  because  of  the  scarcity  of  ma-  I 
terials  must  now  make  application  f 
for  the  necessary  improvements.  i 

BUSINESS  NEWS  j 

Packard-Bell  Co.  is  expanding  j 
into  the  E.  L.  Cord  Building  at  3443  | 
Wilshire  Blvd.,  Los  Angeles,  Calif.  | 
Simultaneously,  the  company’s  en-  | 
gineering  department  will  include  | 
a  research  division.  I 

Sonora  Radio  &  Television  Corp..  j 
Chicago,  Ill.,  acquires  the  Sterling  I 
Wood  Manufacturing  Co.  to  pro-  | 
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Manufacturers  of  radio  sets  and 
other  electronic  devices  are  invited 
to  study  the  advisability  of  using 
miniatures  in  their  new  equipment. 

Tung-Sol  Engineers  would  be  glad 
to  aid  them  in  designing  circuits  and  selecting 
tubes.  All  plans  that  are  disclosed  in  consultation 
are  held  in  strictest  confidence. 


ACTUAL  SIZE 


efficient 


miniature 


more 
in 


■/ 

To  clean  and  gen- 
erally  maintain  the 
/  bulky,  smelly  oil  lamp  was 
daily  chore.  In  contrast,  the 
compact  incandescent  lamp  that  gives 
many  times  the  light,  requires  no  mainte¬ 
nance  except  a  rare  and  easily  installed  replace¬ 
ment.  Its  operation  is  safe  and  simple. 

Just  as  the  irfcandescent  lamp  opened  up  new 
avenues  for  more  efficient  lighting,  so  the  miniature 
electronic  tube  presents  new  possibilities  in  the 
science  of  electronics.  More  compact  sets  — 
greater  durability  because  of  small  rugged  parts 
and  better  performance  when  used  in  high  fre¬ 
quency  circuits,  are  advantages  of  using  Tung*Sol 
Miniature  Tubes. 


TUNG-SOL 

ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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,1s  enclosed  for 
Triple  operation 


duce  radio  cabinets,  the  Rek'vPias- 
tik  Co.  to  manufacture  phonograph 
records,  and  the  Electronic  Parts 
Mfg.  Co.  to  produce  scarce  com¬ 
ponents. 


Crosley  Coep.,  including  station 
WLW  in  Cincinnati  and  other 
broadcast  facilities,  has  been  sold 
to  Aviation  Corp. 


Wire  Recorder  Development  Corp. 
is  expanding  into  larger  space  in  the 
Field  Building,  135  South  La  Salle 
St.,  Chicago,  Ill.  The  new  quarters 
will  contain  a  studio  for  demonstra¬ 
tion  work. 


Westinghouse  Electric  Corp., 
Pittsburgh,  Pa.  has  just  made  its 
largest  ($3,063)  production-sug¬ 
gestion  award  to  a  retired  real  es¬ 
tate  operator  working  in  the  Bloom¬ 
field  plant.  The  suggestion  has  re¬ 
duced  by  62  percent  the  quantity 
of  gold  alloy  wire  required  to  solder 
electronic  tube  parts. 


Aireon  Mfg.  Corp.  has  purchased 
and  equipped  a  special  railroad  car 


Factory  personml  cannot  of  course  make 
measurements.  They  can  compare  produc¬ 
tion  parts  with  approved  standard  parts  — 
and  with  the  OX-  Checker  these  comparisons 
can  be  made  ipiickly,  simply  and  accurately. 


-CHECKER  TYPE  110^ A 

The  QX-Checker  is  specifically  designed  for  production  use  to 
check  both  the  reactance  and  resistance  of  any  R.F.  component. 
These  properties  are  simultaneously  indicated  when  a  component 
is  resonated  in  a  tuned  circuit.  The  two  factors,  reactance  and 
resistance,  are  separately  indicated,  one  on  the  condenser  dial, 
the  other  on  the  meter  so  that  the  deviation  of  either  from  estab¬ 
lished  tolerances  is  immediately  shown.  Insures  uniform  parts 
held  within  close  tolerances.  Frequency  range  100  kc.  to  25  me. 

For  further  information^  tvrUe  for  catalog  "C” 


to  be  used  in  the  demonstration, 
test,  and  installation  of  their  rail¬ 
road  radiotelephones. 


Radio  Corp.  of  America  has  con¬ 
cluded  a  new  agreement  with  N.  V. 
Philips'  Gloeilampenfabrieken  of 
Eindhoven,^  Holland,  to  permit  con¬ 
tinuation  of  licensing  other  manu¬ 
facturers  under  the  latter  com¬ 
pany's  U.  S.  patents. 


Maguire  Industries,  Inc.  merges 
the  Ferrocart  Corp.  and  Micro 
Products  Corp.  into  a  new  powder 
metallurgy  division.  Both  opera¬ 
tions  have  been  moved  to  375  Fair- 
field  Ave.,  Stamford,  Conn. 


Reeves-Ely  Laboratories,  New 
York,  N.  Y.,  has  consolidated  its 


PRODUCTION  LINE 


BOONTO 


ADIO 


•OONTON,  N.  J. 
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ro  meet  the  demands  of  the  electronic  and  electrical 
industries,  Revere  now  offers  Revere  Free-Cutting 
tipper  Rod. 

This  is  oxygen-free,  high  conduaivity  copper  containing 
Ismail  amount  of  tellurium.  This,  plus  special  processing 
>the  Revere  mills,  greatly  increases  the  speed  with  which 
^metal  can  be  machined,  makes  it  possible  to  hold  closer 
*|«inces,  improves  the  finish  of  complied  parts,  lessens 
cuts  costs. 

Severe  Free-Cutting  Copper  Rod  already  has  proved 
•wluable  for  the  precision  manufacture  of  certain  interior 
’soium  tube  parts  that  must  be  made  to  exceptional  stand- 
>ilj.  However,  it  does  not  make  a  vacuum-tight  seal  with 
llus,  and  OFHC  copper  or  other  metals  and  alloys  must 
f®«inue  to  be  used  for  that  purpose.  The  rod  is  available 
•i  sizes  up  to  2"  and  in  all  the  usual  shapes. 

The  Revere  Technical  Advisory  Service  has  worked  out 
•olutions  of  a  number  of  difficulties  encountered  with  the 
^  of  copper  and  its  alloys  in  electronics.  May  we  col- 
“^rate  on  your  problems? 

to  The  Human  Adventure  on  the  Mutual  Network  every 
Wednesday  evening,  10  to  10:30  p.m.,  EWT 


CUSTOMERS  REPORT: 

"This  material  seems  to  machine  much  better  than  our  previous 
hard  copper  bar;  it  cuts  off  smoothly,  takes  a  very  nice  thread, 
and  does  not  clog  the  die."  (Electrical  parts.) 

"Increased  feed  from  l'/4"  to  6"  per  minute  and  do  five  at  one  time 
instead  of  two.”  (Switch  parts.) 

"Spindle  speed  increased  from  924  to  ll6l  RPM  and  feed  from 
.0063"  to  .0103"  per  spindle  revolution.  This  resulted  in  a  decrease 
in  the  time  r^uired  to  produce  the  part  from  .0063  hours  to  .0036 
hours.  Material  was  capable  of  faster  machine  speeds  but  machine 
was  turning  over  at  its  maximum.  Chips  cleared  tools  freely,  operator 
did  not  have  to  remove  by  hand."  (Disconnect  studs.) 


COPPER  AND  BRASS  INCORPORATED 

Founded  by  Paul  Revere  in  1801 

Executive  Offices:  230  Park  Avenue,  New  York  17,  N.  Y. 

Mills t  Baltimore,  Md.{  Chicago,  111.;  Detroit,  Mich.;  New  Bedford,  Mats.; 
Rome,  N.  Y.  —  Sales  Offices  in  principal  cities,  distributors  everywhere 
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increases  electronic  production 


various  subsidiary  companies  and 
operating  divisions.  Now  housed 
in  15  buildings  in  three  states  are 
Reeves  Sound  Laboratories,  Hud¬ 
son  American  Corp.,  American 
Transformer  Co.,  Winsted  Hard¬ 
ware  Mfg.  Co.,  and  Waring  Prod¬ 
ucts  Corp. 

General  Electric  Co.  has  demon¬ 
strated  a  model  of  their  postwar 
large-screen  television  receiver, 
giving  a  16  X  22  in.  picture.  Shown 
at  the  same  time  was  a  new  com¬ 
bination  radio-phonograph  incor- 


QDAKEt  CITY  GEAB  VoRRS 


Yours  for  the  asking 


porating  an  advanced  design  but 
still  in  tentative  form  because  im¬ 
provements  are  expected.  In  the 
accompanying  illustration,  the  tele¬ 
vision  receiver  is  shown  delivering 
a  special  WNBT  program  put  on 
for  the  purpose. 


Hallicrafters  Co.,  Chicago,  III, 
hopes,  with  the  assistance  of  spot 
authorization,  to  manufacture  250,- 
000  f-m  converters,  permitting  re¬ 
ception  on  prewar  f-m  receivers  of 
transmissions  in  the  new  88-106 
me  band. 


Bbndix  Aviation  Corp.  estab¬ 
lishes  a  separate  engineering  and 
sales  organization  to  coordinate  de¬ 
velopment,  manufacture,  and 
marketing  of  low-cost  radio  com¬ 
munications  and  avigation  equip¬ 
ment  for  personal  airplanes.  It 
comes  under  the  Bendix  Radio 
Division. 


Frank  H.  McIntosh,  consulting 
radio  engineer,  is  now  located  at 
710  Fourteenth  St.,  N.W.,  Wash¬ 
ington  5,  D.  C. 

Permoflux  Corp.  has  enlarged  ite 
manufacturing  headquarters  in 
Chicago  to  provide  increased  space 
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A  new  informative  booklet  on  gears. 


It  has  illustrated  sections 


practically  every  known  form  of  gearing, 


together  with 


many  reference 


tables  and  formulas.  Write  for  your  copy 
today  on  your  company  stationery. 


uaker  City  Gear  Works 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 


I 


Any  port  in  a  storm 
. . .  but  there  are  no  ports 


Mora  than  one  sailor  has  said,  “It’s  a 
helluva  place  to  fight  a  war!” 

That’s  a  miracle  of  understatement 
when  you  know  the  Pacific  as  well  as  the 
U.  S.  Navy  knows  it. 

They  know  how  many  thousands  of 
milos  you  hove  to  go  before  you  reach 
the  fighting  fronts. 

They  know  there’s  almost  continual 
rain  and  bad  weather  to  hamper  opera- 
Hons  after  you  get  there. 

And  they  know  tfiere  are  no  good  portsl 

Think  of  the  thousands  of  ships,  and 
the  millions  of  tons  of  supplies  it  takes 
to  keep  our  fighting  forces  moving  to¬ 
ward  Japan. 


Imagine,  if  you  can,  the  problem  of 
handling  those  ships  and  supplies  with 
no  port  facilities. 

There  are  no  giant  cargo  cranes ...  no 
miles  of  docks  and  warehouses. .  .nothing 
but  beaches,  and  human  backs,  and  a 
refusal  to  call  any  job  impossible. 

Remember,  too: 

It  takes  3  ships  to  do  the  supply  fob 
in  the  Pacific  that  1  ship  can  do  in  the 
Atlantic. 

It  takes  6  to  1 1  tons  of  supplies  to  put 
a  man  on  the  Pacific  battleline,  and  an¬ 
other  ton  per  month  to  keep  him  sup¬ 
plied. 

It  takes  a  supply  vessel,  under  ideal 


conditions,  half  a  year  to  make  one 
round  trip. 

Add  up  those  facts,  multiply  by  the 
number  of  sailors,  soldiers,  and  marines 
for  whom  the  Navy  is  responsible. 

Maybe  you’ll  begin  to  realize  what  “no 
ports’’  can  mean  in  the  rough,  tough 
waters  of  the  Pacific. 

Maybe  you’ll  see  that  we  have  two 
reasons  to  be  proud  of  the  U.  S.  Navy. 
First,  the  way  they’ve  sunk  the  enemy’s 
ships. 

Second,  the  way  they  sail  your  ships 
. . .  taking  the  worst  the  Pacific  can  hand 
them . . .  but  keeping  the  supply  lines  open 
. .  .keeping  the  attack  on  schedule! 


SPERRY  RYROSCOPE  COMPANY,  INC 


!•  GREAT  NECK,  N.  V. 


LOS  ANGELES  •  SAN  FRANCISCO  •  SEAHLE  •  NEW  ORLEANS 
'  CLEVELAND  •  BROOKLYN  •  HONOLULU 
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features  WAR  RESTRICTED 
DEVELOPMENTS! 


TELEVISO.  ploneerlnn  io  producrion  of  meaturins  apparatus  for  the  SONIC  to 
UHF  SPECTRUM,  haa  specialized  in  building  dependable  Vacuum  Tube  Voltmeters. 

A  necessity  wherever  dependable  voltage  measurements  within  the  range  of  7  cps  to 
500  megacycles  are  required — the  Televiso  Series  200A  VT  Voltmeter  is  highly 
accurate  and  stable.  IMPORTANT  WAR  TIME  DEVELOPMENTS  ARE  AVAIL¬ 
ABLE  FOR  THE  FIRST  TIME  IN  THE  FOLLOWING  FEATURES:— 


SUPERSENSm  VE  RANGE — the  lowest  readable  voltage  Is  .05  volts  on  a  maximum 
scale  range  of  .5  volt. 


FIVE  VOLTAGE  RANGES— .5,  2,  15,  50,  150— spread  full  scale  on  a  4V2*  meter 
dial  for  easy  reading.  Accuracy  of  readings  are  2%  full  scale;  middle  scale  accu¬ 
racy  is  5%  or  better. 


PROBE  CONSTRUCTION— detachable  probe  to  eliminate  cable  wear;  easily  dis¬ 
mantled  for  tube  replacement  or  for  soldering  to  tube  terminals  for  measurements  in 
the  250*500  MC  region ;  flat^  Vi"  wide  brats  terminals  connea  to  input  to  make  easy 
soldering  to  test  or  work  piece:  for  low  frequency  work  up  to  100  MC,  removable 
banana  plup  are  spaced  center  to  center  for  use  with  standard  jacks. 


MECHANICAL  CONSTRUCTION — of  aluminum  throughout ;  panel  and  cabinet 
are  thick  (cabinet  it  dural. 1;  tub-chassis  is  and  spaced  off  the  panel  by  studs 
to  simplify  servicing:  all  components  are  fastenra  to  tub-chassis. 

ELECTRICAL  CONSTRUCTION  AND  CIRCUIT-Series  200A  utilizes  the  finest 
components  throughout  and  carries  a  two  year  guarantee.  The  circuit  is  a  stable 
plate  circuit  rectifier.  No  diode  input  tube  it  used.  The  plate  circuit  rectifier  type 
makes  available  hi^er  input  impedance  at  all  frequencies.  No  shortening  of  input 
probe  it  required  for  zero  adiuttments.  All  zero  adjustments  are  made  once  and 
remain  constant.  A  panel  adjuster  it  available  to  make  the  unit  usuable  without  heat¬ 
ing  up  time.  All  filament  and  plate  voltages  are  transformer  and  tube  regulated. 


BUILT-IN  CALIBRATION  VOLTAGE— All  units  have  a  iack  which  produces  a 
constant  6.3  volts  for  standardizing.  This  it  the  regulated  filament  voltage.  The 
sensitivin  can  be  adjusted  without  tools  in  the  event  tubes  are  replaced  in  the  fi  Id. 
The  Series  200A  will  operate  tatitfaaorily  from  any  source  of  voltage  from  9i  to 
130  volts  ac.  Line  voltage  surges  are  not  observable  during  use. 

SIZE — 14*lf  z  9^'W  z  TV^'D.  Cruaranteed  2  years.  Price  $170.00  F.O.B.  Chicago. 


7466  IRVING  PARK  ROAD  CHICAGO  34.  ILLINOIS 


for  production,  engineering,  and 
research. 

Demuth  Glass  Works  Inc., 
Brooklyn,  N.  Y.,  has  been  taken 
over  by  Foster-Forbes  Glass  Co., 
Marion,  Ind.  The  company  manu¬ 
factures  electron  tube  envelopes, 
besides  other  glass  products. 

Toth  a  Lorber  is  the  name  of  a 
new  firm  of  engineering  consul¬ 
tants  consisting  of  Albert  F.  Toth 
and  John  F.  Lorber  and  located  at 
38  Park  Row,  New  York  7,  N.  Y. 
Specialties  will  include  industrial 
electronics,  communication,  tele¬ 
vision,  radio,  and  acoustics. 

Union  Pacific  Railroad  has 
started  electronic  classes  for  com¬ 
pany  electricians  in  five  cities 
through  the  road’s  11-state  terri¬ 
tory.  In  many  cases  instruction 
is  handled  by  Marquette-Univer- 
sity-trained  union  leaders. 

General  Television  a  Radio 
CORP.,  Chicago,  Ill.,  has  purchased 
the  building  at  2701  Lehmann  St. 
formerly  occupied  by  Press  Wire¬ 
less.  A  one-story  structure  with 
over  30,000  sq  ft  of  space,  it  will 
house  the  factory  and  executive 
offices. 


PERSONNEL 

Arthur  J.  Sanial  becomes  chief 
engineer  of  Atlas  Sound  Corp., 
Brooklyn,  N.  Y.  He  comes  from 
the  sound  systems  department  of 
the  Fox  Film  Corp. 

Royal  V.  Howard,  back  from  over¬ 
seas  duty  with  the  U.  S.  Army,  be¬ 
comes  vice-president  in  charge  of 
engineering  for  Associated  Broad¬ 
casters  Inc.  and  the  Universal 
Broadcasting  Co.  of  San  Francisco, 
Calif. 

Christian  A.  Volf  becomes  direc¬ 
tor  of  research  in  the  electronic 
and  acoustic  division  of  Robinson- 
Houchin  Optical  Co.,  Columbus, 
Ohio. 

0.  S.  Duffendack,  director  of  re¬ 
search,  North  American  Phillips 
Co.,  New  York,  N.  Y.,  is  appointed 
vice  president  and  director  of  re¬ 
search  and  engineering. 

Glenn  E.  Webster  goes  from  en¬ 
gineering  supervisor  In  the  Chi¬ 
cago  office  of  NBC  to  Join  the  en¬ 
gineering  staff  of  Collins  Radio  Co. 
Cedar  Rapids,  Iowa.  He  will  be  in 
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Boost  radio  sales  with 


Telechron  Selectors 


HERE*S  a  double><luty  timer  to  give  your  radio  receivers 
the  extra  appeal  needed  for  successful  post-war  selling. 
It*8  much  more  than  an  absolutely  accurate  electric 
clock.  It  turns  on  the  set  automatically  at  any  pre¬ 
selected  time  in  the  morning  to  waken  the  owner  with 
music.  It  switches  the  set  on  for  favorite  programs  dur¬ 
ing  the  day  and  evening— then  shuts  it  off  at  bedtime. 

The  cost  to  set  makers  is  remarkably  small  — less 
thifn  $4.  Installation  expense  is  low,  too.  Volume  pro¬ 
ducers  are  already  choosing  it  for  moderate-price  sets. 

Radio  Ibteners  will  like  the  Telechron  Selector’s  easy 
finger-tip  control.  There  are  no  knobs  to  turn  and  no 
dimcult  calculations.  Programs  are  selected  for  any 


15-minute  period  by  flipping  out  one  of  the  48  keys  around 
the  laraey  legible  clock  dial.  Keys  are  automatically  reset 
to  **ofir’  position  after  timit^  periods  are  passed.  Pro¬ 
grams  can  be  selected  10  hours  in  advance. 

The  C-28  Telechron  Selector  is  only  one  of  the  full 
line  of  automatic  timing  and  control  devices  we  can  sup¬ 
ply  for  the  sets  vou’re  now  building  or  planning.  All 
use  famed  Telechron  movements  and  self-starting  syn¬ 
chronous  motors  for  accuracy,  dependability  and  long 
life. 

For  full  information  about  the  C-28  Selector  and 
other  Telechron  timers,  wire  or  write  Automatic  Control 
Division,  Dept.  K. 
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aECTRONICS  — SsptsmlMr  1945 


ASHLAND.  MASSACHUSETTS 


VHP  RECEIVER  KIT 

with  New  F  A/V  Band 


CONCORD  RADIO  CORP 


LAFAYETTE  RADIO  CORPORATION 


ATLANTA  3,  GA 

265  Peachtree  St. 


chargfe  of  development  in  broadcast 
speech  input  and  associated  equip¬ 
ment. 

P.  B.  Harwood  is  elected  vice-presi¬ 
dent  in  charge  of  engineering  of 
Cutler-Hammer,  Milwaukee,  Wis. 

Robert  W.  Clark,  former  WEAF 
station  engineer,  becomes  television 
operations  supervisor  at  NBC  New 
York,  N.  Y. 

Jean  M.  Roberts,  formerly  senior 
research  and  development  engineer 
at  Lear,  Inc.,  becomes  chief  engi¬ 
neer  of  Associated  Electronics 
Corp.,  New  York,  N.  Y. 

E.  H.  Scott,  founder  and  presi¬ 
dent  of  the  company,  resigns  as 
head  of  E.  H.  Scott  Radio  Labora¬ 
tories,  Chicago,  Ill. 

Ray  Ellis,  FEA  consultant  and 
former  director  of  the  WPB  Radio- 
Radar  Division,  is  chairman  of  a 
governmental  committee  studying 
German  electronics.  Other  mem¬ 
bers  include  Ralph  Bown,  Bell  Lab¬ 
oratories  ;  present  Radio-Radar 
Division  Director,  L.  J.  Chatten; 
Captain  F.  C.  Layne  of  the  Navy 
Electronics  Division;  Captain  Gil¬ 
bert  Myers,  USN,  Secretary  of 
Joint  Communications  Board;  and 
Brigadier  General  T.  C.  Rives, 
deputy  Air  Communications  Officer, 
AAF  Hq. 

Jennings  B.  Dow,  director  of  the 
Electronics  Division  in  the  Navy 


88.6  to  107.6  Me  ^^115  to  140  f 

ACORN  TUBES  •  SEPARATE  TUNING  UN 

Ideal  for  Communications  Work,  Instruction,  Training,  etc 


A  unique  10  tube  Concord  Kit  for  FM-AM  and  VHF  reception  with  a 
separate  tuning  unit  employing  the  new  acorn  tubes.  Circuit  design  is 
straightforward  and  simple  with  no  frills  or  unnecessary  components. 
Extremely  compact,  sturdy  and  easily  assembled.  Has  only  two  con¬ 
trols  on  the  front  panel — the  tuning  control  and  the  volume  control. 
There’s  a  standard  headphone  jack  for  output,  a  switch  for  change¬ 
over  from  FM  to  AM,  and  a  power  switch  in  the  AC  line. 

Comes  complete  with  all  necessary  parts  including  holes  punched 
and  all  tubes,  wire,  solder,  hardware,  and  detailed  instructions.  Chassis 
is  10*'  X  12"  X  3"  black  finish.  Dull  black  panel  is  6%  x  12"  wide.  Two 
models— CRC- 130— Range  88.6  to  107.6  Me  (for  the  new  FM  Band), 
and  CRC- 140 — Range  1 1 5  to  140  Me.  Quantity  limited — while  they  last 
— Use  coupon  below  to  order  today  or  to  ask  for  litera-  ^  jm  QC 
ture  giving  detailed  information  and  specifications,  y 

Complete  with  Tubes 


Bureau  of  Ships,  has  been  pro¬ 
moted  from  Captain  to  Commodore. 

Garrard  Mountjoy,  who  has  been 
in  charge  of  research  and  develop¬ 
ment  in  the  Radio  Division  of  Lear 
Inc.,  has  been  advanced  to  take 
charge  of  all  research  and  develop¬ 
ment  in  the  New  York  laboratories. 

F.  F.  Sylvester  becomes  technical 
director  of  Reeves-Ely  Labora¬ 
tories.  Previously  with  Lewyt  Corp., 
he  will  be  in  charge  of  research  and 
engineering. 

John  T.  Tate,  division  chief,  Na- 


CONCORD  RADIO  CORP. 

901  W.  Jackson  Blvd.,  Dept. G-95,  Chicago  7,  Ill. 

Please  ship  at  once  the  Concord  VHF  Receiver  Kit— or  special  descriptive  literature— as 
checked  below. 

□  CRC- 130— VHF  Kit  | — |  CRC-140— VHF  Kit  | — i  Send  literature  giving 

Range  88.6  to  107.6  Me  I I  Range  1 15  to  140  Me  I I  details  and  speafications 


Name, 


Addrta, 
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lleMe  send  me  a  free  copy  of  "Masters  of  Metal”  booklet  de¬ 
scribing  your  facilities.  I  am  interested  in  the  ELECTRONENT* 
applications  checked. 


D  Batteries  Q  Dials  □  Panels 

D  Record  Changers  G  Eiscutcheons  D  Sockets 
D  Clips  G  Jacks  G  Stampings  (raise.) 

Q  Condensers  Q  Lugs  Q  Tub^ 


^er  applications. 


. .  and  put  them  on  the  air  faster 


How  Scovill  Electronents  meet  exacting 
specifications . . .  often  at  lower  cost 


SCOVILL  MAN  IJ  FACT  UR  I IV  G  COMPANY 


Electronic  Division 

22  Mill  Street,  Waterbury  91,  Connecticut 


SCOVILL  DEVISED  A  NEW  SCHEDULE 

FOR  TRANSMITTER  TUBE  ANODES 


This  anode  for  a  radio  broadcasting 
tube  involved  several  difficult  prob¬ 
lems.  Specifications  called  for  a  seam¬ 
less,  one-piece,  pure  oxygen-free  cop¬ 
per  shell . . .  free  from  imperfections. 
Dimensions:  length  I.D.  3", 

diameter  across  hollow  flanged  sec¬ 
tion  average  wall  thickness 

•090".  That  hollow  flanged  section 
no  cinch.  But  an  ingenious  metal¬ 
working  schedule  took  care  of  that. 


Specifications  were  met  100%.  ..and 
costs  were  surprisingly  low. 

Whether  your  electronic  equipment 
requires  small  components  or  large 
assemblies,  you,  too,  can  save  time, 
trouble  and  money  by  calling  on 
Scovill’s  design  ingenuity  and  versa¬ 
tility  in  all  metals  and  all  metal-work¬ 
ing  techniques.  To  learn  why  Scovill 
is  in  a  position  to  give  you  impartial 
advice  about  whether  to  forge,  draw. 


stamp  or  machine  your  Electronents*, 
send  for  literature.  Fill  in  the  coupon 
below  and  mail  it  today. 


^Electronents  Electronic  Components 


The 


MAS 


SAC 


Smpt^mlfr  fMS  —  ELiCTRONiCS 


Presto  Recording  Corp. 
New  York,  N.  Y. 


SPINTITE  SET. 

Chuck  Type  Handle  with 
Reamawl,  3  Screw  Drivers, 
7  SPINTITES,  Insulated 
Neutralizing  Alignment 
Wrench,  and  2  Pliers,  all 
in  a  Leatherette  Roll. . . . 
A  Positive  need  in  every 
RADIO,  HOME  and 
ELECTRICAL  SHOP. 
A  Fascinating,  Fast-Moving 
Item  for  thousands  of  stores. 
Your  good  jobber  has  it. . . 

Stud  for  C>Ul«9  N».  XVAT 
141  ^klutiin  a  Ml  liiM  ”” 


tional  Defense  Research  Ck)mmit- 
ee,  is  made  chairman  of  the  Join' 
’card  on  Scientific  Information 
'olicy  which  will  be  responsible  fo 
he  organization  and  release  of  sci 
ntific  and  allied  information  fo 
DSRD,  the  War  and  Navy  Depart¬ 
ments,  and  the  National  Advisory’ 
Committee  for  Aeronautics. 

Daniel  E.  Noble  has  become  gen¬ 
eral  manager  of  the  Communica¬ 
tions  and  Electronics  Division  ol 


141  pKtVPfM  «  full  IlM 
'  of  Avtomobtk,  AiKraff 
•nd  Radio  To^f. 


WORCESTER _ 


STEVENS  WALDEN,  INC. 


Galvin  Mfg.  Corp.,  Chicago,  Ill.  He 
retains  his  present  responsibilities 
as  director  of  research. 

William  H.  Wills,  former  gov¬ 
ernor  of  Vermont,  has  been  con¬ 
firmed  by  the  Senate  as  the  seventh 
member  of  FCC. 

Charles  A.  Powel,  president  of 
AIEE  and  headquarters  engineer¬ 
ing  manager  for  Westinghouse 
Electric  Corp.,  becomes  chief  of  the 
Electrical  and  Radio  Branch  of  the 
Allied  Control  Commission  in  Ger¬ 
many,  on  leave  of  absence  from 
Westinghouse. 

W.  G.  H.  Finch,  USNR,  chief  of 
the  design  branch,  electronics  di¬ 
vision  of  the  Navy’s  bureau  of 
ships,  goes  from  the  rank  of  Com¬ 
mander  to  that  of  Captain. 


AWARDS 

Workers  of  the  following  con¬ 
cerns  in  the  electronics  field  have 
been  awarded  Army-Navy  “E” 
burgees  for  excellence  in  produc¬ 
tion: 

Air  King  Products  Co. 

Brooklyn,  N.  Y. 

Alliance  Mfg.  Co. 

Alliance,  Ohio 

Garod  Radio  Corp. 

Brooklyn,  N.  Y. 


GOULD-MOOD^ 


Professional  Quality  | 

KM 

ALUMINUM 
INSTANTANEOUS 
RECORDING  BLANKS 


Technological  advancements 
brought  about  by  our  wartime 
assignments  provide  critical  en¬ 
gineers  with  "Black  Seal"  blanks 
of  improved  cutting  and  repro¬ 
duction  qualities  plus  more 
satisfactory  play-back  life. 


Rapid  Deliveries  to 

Ireadeatfiiig  Statiees 
Recording  Studies 
Motion  Picture  Sound  Studies 
Scheeis  and  Celiogos 
Gevornmontai  Agonciot 


014  Aluminum  tlank$  Racootad  wHk 
‘'Slack  Sual”  formula  aa  Skort  Mallet 


a  S  2  3-OH  B’5 


Electric  Razors  with  Plaskon  Housings 

4^fre€cUf  to^  ^enwcemeH 

if  Recently,  when  Remington  Electric  Shavers  went  back  into  limited 
production,  they  were  allocated  for  the  exclusive  use  of  hospitalized  service¬ 
men,  and  airmen  whose  faces  are  susceptible  to  frostbite. 

The  housings  for  these  new  Remington  Electric  Shavers  are  Plaskon  Molded 
Color.  This  versatile  plastic  material  lends  many  worthwhile  advantages  to 
the  Remington  Shaver. 

Plaskon  Materials  can  be  molded  into  almost  any  desired  shape,  permitting 
unusual  opportunity  for  handsome,  practical  designs  in  large  quantities  at  very 
economical  cost. They  are  available  in  a  wide  range  of  beautiful,  permanent  colors. 

Plaskon  Materials  are  strong  and  non-shattering,  with  a  smooth,  warm-to-the- 
touch  surface  that  remains  gleaming  and  sanitary.  They  are  unaffected  by  oils 
or  fats;  alaffiol,  acetone,  or  any  common  organic  solvents;  and  are  odorless, 
tasteless  and  inert.  They  have  high  dielectric  strength,  and  are  completely 
resistant  to  arcing  and  tracking  under  high  voltages  and  high  frequencies. 

Your  products  of  today  and  tomorrow  will  enjov  profitable  manufacturing  and 
sales  advantages  if  versatile  Plaskon  plastics  can  be  adapted  to  their  needs.  Write 
for  profusely  illustrated  booklet  showing  a  great  range  of  actual  Plaskon 
applications  to  commercial  and  public  needs.  Experienced  Plaskon  men  will 
gladly  assist  in  adapting  colorful  Plaskon  plastics  to  your  individual  requirements. 


plaskon  division  •  LIBBEY* OWENS*  FORD  GLASS  COMPANY  •  2136  Sylvan  Avenue 

- - Canadian  Agent:  Canadian  Industries,  Ltd.,  Montreal,  P.  Q.  • 


Toledo  6,  Ohio 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
veloped  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


Langevin  Products 

The  Langevin  Co.,  Inc.,  37  West 
65th  St.,  New  York,  N.  Y.  an¬ 
nounces  three  new  products.  The 
first  is  Type  3- A  mounting  frame 
for  use  in  conjunction  with  their 
No.  102  Series  amplifiers.  The 
frame  requires  lOi  in.  rack  space 


and  will  accommodate  up  to  three 
of  the  amplifiers.  It  is  suitable  for 
wall  mounting,  rack  or  cabinet  and 
panel  installations.  The  second 
product  is  a  new  group  of  input 
transformers  which  are  designated 
as  the  400  Series.  Three  types  are 


The  third  type  is  No.  402-A  with  a 
nominal  30/120  ohms  primary  to 
50,000  ohms  secondary.  Input  im¬ 
pedance  range  is  0/250  ohms. 
Lastly,  there  are  three  new  contin¬ 
uous-duty  auto  transformers  with 
heavy  lugs  on  their  black  bakelite 
terminal  boards.  Two  types  (800 
and  801)  are  also  available  as  her¬ 
metically-sealed  units.  Type  800-A 
— primary  220  volts,  60  cycles ;  sec¬ 
ondary  110  volts,  250  watts;  5 AS 
case ;  measures  411  x  311  x  5  in. 
Weight  10  lb.  Type  801-A — ^pri¬ 
mary  220  volts,  60  cycles;  second¬ 
ary  110  volts,  500  watts;  6AS  case; 
measures  5Ax  418x5  in.  Weight 


;Ai.,  ) 

available.  No.  401-A  operates  from 
30/250/600  ohms  primary  to  30,000 
ohms  secondary,  center  tapped. 
Type  400-C  bridging  unit  has  a 
nominal  impedance  of  600/15,000 
ohms  to  60,000  ohms  secondary. 
With  proper  input  circuits,  input 
impedance  range  is  0/25,000  ohms. 


Forces.  All  three  case  styles  are 
available  in  single-section  (two 
bushings,  case  isolated),  dual-sec¬ 
tion  (two  bushing,  case  grounded), 
and  three-section  designs  (three 


bushings,  case  grounded).  Sizes 
range  from  0.05  to  2.0  microfarads 
in  ratings  of  600  or  1000  volts. 
Weight  varies  from  2.3  to  5.8  oz. 
The  primary  difference  in  construc¬ 
tion  between  the  three  case  styles 
is  the  location  of  the  bushings. 
Bulletin  No.  GEA-4357  is  available. 


Dual  Amplifier 

Plant  broadcasting  or  public  ad¬ 
dress  service  is  provided  by  the 
Soundcaster,  a  new  40-watt  dual 
amplifier  developed  by  Operadio 
Mfg.  Co.,  St.  Charles,  Ill.  Three 
models  are  available.  Illustrated  is 


16  lb.  Type  802- A — primary  220 
volts,  60  cycles;  secondary  110  volts, 
1000  watts;  housed  in  a  No.  6  cast¬ 
ing  poured  with  humidity-proof 
compound;  measures  9ix7ix6i  in. 
weight  33  lb. 


Capacitors 

Case  styles  CP-50,  51,  and  52, 
characteristic  F,  are  an  addition  to 
a  complete  line  of  fixed  paper-dielec¬ 
tric  capacitors  recently  announced 
by  General  Electric  Co.,  Schenec- 
'tady,  N.  Y.  These  capacitors  meet 
government  requirements  for  use  in 
electronic  communication  and  lo¬ 
cating  equipment  for  the  Armed 


the  basic  Soundcaster  (Model  1335) 
which  provides  quality  control  of 
high ‘fidelity  for  all  normal  listen¬ 
ing  levels.  Automatic  changing 
mechanism  or  manually  operated 
record  turntable  may  be  added  to 
the  amplifier. 


Radio  Filter 

Low-resistance  type  improved 
blower  motor  filters  for  radio  trans¬ 
mitters  or  for  loudspeaker  applies* 
tions  are  available  in  10x2  in.  or 
special  sizes.  Filters  are  made  from 
expanded  metal,  are  washable,  per- 
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Compact,  Trouble-Freo  Modern  Design 


External  Pivot 


Internal  Pivot 
(Not  Used  by  DeJUR) 


MODEL  120  ...  A  New  DeJUR  Miniature  Meter  . .  .  precision  instrument 
for  more  permanent  accuracy  in  small  panel  space.  Conforms  to  forthcom¬ 
ing  JAN- 1 -6  specification  .  .  .  self-contained  up  to  1  ampere  and  150  volts. 
D.C.  or  A.C.  (rectifier)  .  .  .  external  shunts  or  multipliers  ...  in  a  wide 
rariety  of  ranges. 

AINICO  MAGNETS  .  .  .  highest  grade  .  .  .  provide  stability  and  quick 
rmponse  under  high  torque,  with  increased  protection  against  magnetic 
fields. 


EXTERNAL  PIVOTS  .  .  .  insure  maximum  accuracy  .  . .  reduce  pointer¬ 
rocking,  side  friction  between  jewels  and  pivots,  and  wear  on  bearing 
surfaces. 

EXTRA-TIGHT  SEALING..  .  .  completely  waterproof  ...  in  addition, 
rubber  gasket  seals  flange  to  panel.  Model  120  is  particularly  adapted  for 

water-proof  equipment.  . _ 

For  full  information  on  DeJUR  Miniatures 
and  special  applications,  write 

DeJUR-AMSCO  CORPORATION,  Long  Island  City  1,  N.Y. 
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311  SOUTH  WESTERN  AVE  .  CHICAGO  12,  ILL 

Ptione  CANal  2525 


manent  and  effective  in  keeping 
dust  particles  out  of  radio  appar¬ 
atus.  Badger  Corp.,  Milwaukee  12, 
Wis. 


Voltage  Testing  Device 

Improvements  featured  in  the  new 
RCA  195-A  Voltohmyst  include  a 
diode  for  a-c  measurements,  a  lin¬ 
ear  a-c  scale  for  all  ranges,  a  new 
crystal-clear  plastic  meter  case  with 


Alodern  Electronic 
Inspection  methods 
bring  a  new,  high  de¬ 
gree  of  speed,  accur¬ 
acy,  and  economy  to 
this  production  oper¬ 
ation.  Today’s  inspec¬ 
tion  equipment  is  de¬ 
signed  to  keep  pace 
with  modern  produc¬ 
tion  methods.  Its  amaz¬ 
ing  efficiency  is  best 
employed  when  expert 
W-J  inspection  engi¬ 
neers  make  a  study  of 
your  requirements  and 
apply  the  equipment 
ideally  suited  to  your 
needs.  Let  us  show  you 
the  applications  of 
X-Ray  machines,  dif¬ 
fraction  units,  spearo- 
meters,  electronic 
comparators,  photo¬ 
electric  units  and  elec- 
tronic  measuring 
equipment,  to  your 
particular  problems! 
Fill  in  and  mail  the 
coupon  today! 


CATHODE  RAY 
TUBE  SHIELDS.. 


a  one-piece  unbreakable  front,  and 
shielded  a-c  cable  and  probe.  The 
instrument  combines  in  one  unit 
the  means  for  measuring  d-c  or  a-c 
voltage,  resistance,  audio  level,  and 
f-m  discriminator  balance.  RCA 
Victor  Div.  of  Radio  Corp.  of 
America,  Camden,  N.J. 


.  .  .  to  meet  your  specifica¬ 
tions.  These  are  only  a  few  of 
our  many  available  shields. 


•  FABRICATED  from 
Mu-Metal  or  Nickelol 


Non-Corrosive  Flux 

Originally  developed  for  the 
Armed  Forces,  Zenith  non-cor¬ 
rosive  Super  Flux  is  now  available 
to  the  industry  for  use  in  soldering 
electrical  connections  or  as  a  sold¬ 
ering  flux  on  copper,  cadmium- 
plated  brass  and  steel,  and  black 
steel.  It  can  also  be  used  to  facili¬ 
tate  tinning  of  soldering  tips.  The 
flux  is  easily  applied  by  brush  or 
dipping  and  readily  adheres  to  the 
work.  Polan  Industries,  Hunting- 
ton  19,  W.  Va. 


•  TESTED  by  proven 
use  to  meet  ail  require¬ 
ments 


•  DESIGNED  to  fit 


PILL  IN  THE 
COUPON  NOW 


Relay  Connector 

Cannon  Electric  Development 
Company  (3209  Humboldt  St.,  Los 
Angeles  31,  Calif.)  announce  that 
their  Type  RR-1  and  RR-2  railroad 
signal  relay  connectors  are  adapt¬ 
able  to  all  types  and  makes  of  relays 
in  test  requirements.  The  complete 
connector  is  made  up  of  a  plug  and 
receptacle,  having  phenolic  shells. 
Two  guide  posts  assure  correct  po¬ 
larization.  These  connectors  are 
adaptable  to  4  to  6-point  relays. 


*  *  Our  engineers  will  design  in 
any  metal  —  shields,  chassis, 
cabinets,  etc.  for  your  individual 
application 


riaat*  mall  aia  capta.  af  yaar  latpactiaa  laulpaitnl 
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For  Quick 
Visual  Indication 

investigate  the  Unique  Characteristics 
of  G-E  Neon  Glow  Lamps 


yr^CI  For  general  indication,  such 
■  as  showing  existence  of  po¬ 
tential  across  various  parts  of  electri¬ 
cal  circuits. 


The  unique  characteristics  of  Gen¬ 
eral  Electric  Neon  Glow  Lamps 
recommend  them  for  a  variety  of  uses 
io  radios  and  electronic  devices  ...  as 
indicators,  voltage  regulators,  pilot 
lights  and  test  lamps. 


The  uses  described  at  right  are  typical. 
If  you  think  G-E  Neon  Glow  Lamps 
can  be  useful  to  you,  write  or  phone  the 
address  below.  Experienced  General 
Elearic  Lamp  Engineers  will  be  glad 
to  discuss  your  problems  with  you. 


yr  17  Indicator  and  pilot  light 
IlL  I  I  lamp  that  flashes  to  show 
condition  of  B-battery  in  portable 
radios.  Frequency  of  flashes  decreases 
as  battery  runs  down. 


CONSIDER  THESE  ADVANTAGES 

1.  Distinctive  orange-red  giow  —  no  coiored  cover  giass  needed. 

2.  Dependable  performance  and  long  life  —  rated  at  3,000  hours. 

3.  Very  low  current  consumption  — less  than  ^  milliampere  for  smallest  lamp. 

4.  Variety  of  sizes  and  wattages. 

5.  High  resistance  to  vibration,  shock. 

6.  Normally  usable  on  a-c  or  d-c. 

7.  Screw  base  lamps  for  105-125  v.  circuits;  similar  lamps  available  with 
bayonet  bases,  but  external  resistance  required. 

8.  Produce  practically  no  heat. 

9.  Nearly  flat  voh-ampere  characteristics. 

10.  Insensitive  to  voltage  variations  above  critical  value. 


yf  iO  (also  N-E  16).  Indicator 
lamps.  Special  volt-ampere 
characteristics  of  these  lamps  indi¬ 
cate  use  as  voltage  regulators.  Screw 
base  lamp  available  as  NE-4S.* 

*NE-16  meets  JAN-lA  specifications 
for  991.  Special  marking  JCG-991 
supplied  for  small  extra  charge. 


ORDER  NO. 

NE-2 

NE-91 

NE-17 

Walts,  Nominal 

V^s 

'As 

0 

Vdts(CireuH) 

105-125 

105-125 

0 

thrting  I  AC 
Vdtage  0  1  DC 

65 

65 

0 

90 

90 

'AUnbased 

(Wire 

Terminals) 

WS.  C. 

★D.  C. 

Bay.  Min. 

Bay.  Cand. 

Maximum  Over- 
•1  Length 

0 

1'^* 

IMs' 

I'A' 

Ud  Price 
(Mwtax) 

$.10 

.  $-45 

Medium  C.  Medium  f^Sk.  D.  C.  Medium  I^Sk.  D.  C. 

Screw  Bay.  Cand.  Screw  Bay.  Cand.  Screw  Bay.  Cand. 


®  Applies  to  lamp  when  new. 

®  Glass  part;  wire  terminals  extend  additional 
®  Desiflned  for  DC  flashing  operation  in  RC  circuit 


0  Meets  JAN-1A  specifications  for  991.  Special  marking  JCG-991  supplied  at  smaii  extra  charge. 
0  Designed  for  67-87  Volts  D.C.  (D.C.  operating  voltage  at  1.5  milliamperes,  53-65  volts). 

•k  All  Bayonet  Base  Lamps  Need  External  Resistance. 


For  further  information,  write  address  below  for  Bulletin  7100 

NELA  SPECIALTY  DIVISION,  LAMP  DEPARTMENT 

GENERAL  @  ELECTRIC 

1  Newark  Street,  Hoboken,  N.  J. 
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100  KC  FREQUENCY 
STANDARD  CRYSTAL 


. . .  Designed  to  withstand  severe 
shoch  and  vibration.  A  crystal 
so  precisely  Finished  that  it  has 
less  than  1 5  cycles  drift  from 
-50C  to  +850*.  (If  oscillator  or 
circuit  is  furnished,  an  accuracy 
of  3-5  cycles  can  be  obtained) 
.  .  A  special  solder  bead  sup¬ 
ports  a  tensile  load  of  9,000 
lbs.  per  square  inch.  Crystalab 
engineered  to  meet  the  most  rig¬ 
id  operating  requirements. 


*AI$o  available  in  Frequencies  From 
80.86  to  200  KC. 


Ma4a^  ^ 


SPECI3IISTS  IN  SPEUU  CRrSTUS 


Write  Dept.  E.L.  for  comprehensive 
catalogue  “Selectronic  Crystals”  and 
facilities  booklet  "Crystalab  Solves 
a  Problem”, 


^  CRYSTAL  RESEARCH  LABORATORIES 


INCORPOHATED 

l»B0RAI0RlfS  AND  MAIN  OFFICE  29  ALIFN  STREEI.  HARTFORD  3  CONN 
Nt*  YciA  Ollice  lb  E  26!h  Slteel,  New  ToiA  10.  N  Y  Pnone  M  H  b  ?9b2 


Hereof  that  New 

TRIPlEn  625-N 


Long  Scale,  Wide  Range 
Volt-Ohm-Milliammeter 


DIRECT  READING  OUTPUT  LEVEL  DECIBEL 
RANGES 

-30  to  +3,  +15,  +29,  +43,  +55,  +69  DB 


DOUBLE  SENSITIVITY  D.C.  VOLT  RANGES 

0-1.25-5-25-125-500-2500  Volts,  at  20,000 
ohms  per  volt  for  greater  accuracy  on 
Television  and  other  nigh  resistance  D.C. 
circuits. 

0-2.5-10-50-250-1000-5000  Volts,  at  10,000 
ohms  per  volt. 


A.C.  VOLT  RANGES 

0-2.5-10-50-250-1000-5000  Volts,  at  10,000 
ohms  per  volt. 

OHM-MEGOHMS 

0-400  ohms  (60  ohms  center  scale) 

0-50,000  ohms  (300  ohms  center  scale) 


TEMPERATURE  COMPENSATED  CIRCUIT  FOR 

ALL  CURRENT  RANGES  D.C.  MICROAMPERES 

0-50  Microamperes,  at  250  M.V. 

D.C.  MILLIAMPERES 

0-1-10-100-1000  Milliamperes,  at  250  M.V. 

D.C.  AMPERES 

0-10  Amperes,  at  250  M.V. 

OUTPUT  READINGS 

Condenser  in  series  with  A.C.  Volts  for  output 
readings. 

AHRACTIVE  COMPACT  CASE 

Size:  2V2"  x  5V2".  A  readily  portable,  com¬ 
pletely  insulated,  black,  molded  case,  with 
strap  handle.  A  suitable  black,  leather 
carrying  case  (No.  629)  also  available,  with 
strap  handle. 

LONG  5"  SCALE  ARC 


For  greater  reading  accuracy  on  the  Triplett 
RED  eDOT  Lifetime  Guoranteed  meter. 


SIMPLIFIED  SWITCHING  CIRCUIT 
Greater  ease  in  changing  ranges. 


Write  for  descriptive  folder  gtring  full  technical  details. 


Triplett  ELECTRICAL  INSTRUMENT  CO.,  Blnmon,  Ohio 


Reproducer  for  Railroad  Use  I  ^  ] 


Type  NJ-300  reproducer  was  orig¬ 
inally  designed  for  Navy  Use  as  a 
loudspeaker  and  microphone  (talk- 
back)  unit  but  it  is  now  available 
for  all  types  of  railroad  use  in  loco¬ 
motives,  cabooses,  signal  towers, 
and  out-doors  in  railroad  yards. 
The  reproducer  consists  of  Type 
NF-300  speaker  (described  in  July 
issue)  enclosed  in  a  special  rail¬ 


road-type  cast  aluminum  case.  The 
unit  can  be  mounted  in  any  posi¬ 
tion.  It  is  rugged  and  is  capable  of 
withstanding  shock  and  vibration, 
as  well  as  prolonged  exposure  to 
smoke,  dust  and  other  elements. 
Voice  coil  impedance  is  rated  at  12 
ohms  nominal  value.  Power  han¬ 
dling  capacity  for  speech  is  rated 
10  W.  Jensen  Radio  Mfg.  Co.,  6601 
S.  Laramie  Ave.,  Chicago  39,  Ill. 


High-Temperature 

Capacitors 


.Plasticon,  Type  AS,  silicone  im¬ 
pregnated,  plastic  film,  dielectric 
capacitors  are  capable  of  continu¬ 
ous  operation  at  256  F.  These  units 
are  light  and  compact,  and  can  be 
used  at  maximum  temperature  at 
full  voltage  rating.  They  are  made 


only  to  specification  in  all  capaci¬ 
tances  and  voltage  ratings  in  all 
varieties  of  standard  and  special 
cans,  and  in  the  Glassmike  con¬ 
struction.  An  0.01  fii,  5000  work¬ 
ing  volts,  Plasticon  Type  ASG 
measures  li  in.  long  x  i  in.  O.D. 
Condenser  Products  Co.,  1375  N. 
Branch  St.,  Chicago  22,  Ill. 
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A  Positive  Angle  on  Negative  Angle  Milling 

rHow  Keainey  &  Tieckai 
[,  Use  • 

■MICRO  SWITCH 

I  SNAP-ACTION 

r  .  As  Inching  Switch  on 
Milwaukee  Milling  Machine' 


WHEN  Kearney  &Trecker  designed  this  big  new 
50  HP.  C.S.M.  Milwaukee  Milling  Machine, 
especially  for  negative  angle  milling,  it  was  important 
that  the  inching  switch,  used  for  synchronizing  gears, 
be  rugged  and  dependable.  A  Micro  Switch  sealed 
plunger  switch  with  a  die  cast  housing  was  installed 
so  that  it  is  operated  by  an  actuator  head  controlled 
by  the  inching  button. 

rhis  switch  was  selected  because  it  combined  the 
precision,  capacity,  and  durability  required  by  the 
milling  machine  manufacturer.  Micro  Switch  snap- 
action  can  be  counted  on  for  millions  of  operations, 
all  equally  accurate.  There  are  over  2700  different 
combinations  of  switches,  contacts,  actuators,  and 
enclosures. 


How  Inching  Lever  Works 

The  Micro  Switch  provides  a 
convenient  means  for  "inch¬ 
ing”  the  spindle  head  to 
facilitate  speed  changes. 
Operation  of  button  "A” 
rotates  the  actuator  head  "B” 
through  gear  "C”  causing  it 
to  wipe  over  plunger  "D,” 
thus  momentarily  operating 
the  switch  to  "inch”  the 
spindle  motor. 


Send  for  the  Handbook-Catalog  No. 
60  shown  at  right — it  gives  specific, 
helpful  information  on  Micro  Switch 
products. 


Send  for  this  free  Handbook-Catalog 
Gives  complete  details  as  to  electrical  characteristics,  construc¬ 
tion,  dimensions,  operations,  and  applicatians.  If  you  are  specializ¬ 
ing  in  aircraft  equipment,ask  for  Hand  book -Catalog  No.  71, also. 
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The  basic  switch  is  a  thumb-size, 
feather-light,  plastic  enclosed,  pre¬ 
cision,  snap-action  switch.  Under¬ 
writers'  listed  and  rated  at  1200 
V.  A.,  at  125  to  460  volts  a.  c.  Ca¬ 
pacity  on  d.  c.  depends  on  load  Char¬ 
acteristics.  Accurate  reproducibility 
of  performance  is  maintained  aver 
millions  of  operations.  Basic  switches 
of  different  characteristics  are  com¬ 
bined  with  various  actuators  and 
metal  housings  to  meet  a  wide  range 
of  requirements. 
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PHENOL  AND  VULCANIZED 


FABRICATIONS 

INDUSTRY 


Regulated  Power  Supplies 

A  NEW  SERIES  of  saturable-reactor 
regulated  power  supplies  has  been 
developed  by  Amplifier  Co.  of 
America  (398  Broadway,  New 
York  13,  N.  Y.)  for  applications 
requiring  d-c  voltages  regulated  to 
better  than  5  percent  from  full  load 
to  no  load,  and  having  less  than  1 


For  more  than  MO  years 


we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe¬ 
cialists  as  well.  Consult  us  on  your  ‘‘crystal 
problems’’. 


PETERSEN  RADIO 

Council  BlufFs,  Iowa 


CRYSTALS  EXCLUSIVELY  SINCE  1934 


resuK  of  tough  precision- 
fabricated  materials 

Exceptional  oloctrical  and  mochanical 
proportiot  of  fibre  parts,  when  fabri¬ 
cated  with  accuracy  and  precision, 
greotly  expand  product  service-life. 
Vulcanised  fibre  with  resistance  to  oils, 
fumes,  corrosion,  impact  and  vibra¬ 
tion,  cmd  phenol  fibre  with  resistance 
to  moisture  absorption,  represent  two 
materials  particularly  adaptable  to 
memy  applications.  BAER  facilities  for 
stainping,  punching,  drilling,  milling, 
machining,  and  sawing  completes  the 
solution  for  close  telercmce  fobrica- 


LllRX.  The  latter  may  be  mounted 
to  project  a  beam  of  light  over 
any  distance  from  10  to  25  ft.  The 
intensity  of  the  light  beam  may  be 
set  so  that  the  control  will  re¬ 
spond  to  smoke  of  a  predetermined 
density. 


r  relating  to  both  phenol  and 
vulcanized  fibre— will  be  sent 
promptly  on  request  on  compony 
letterhead.  >Yrite  for  Bulletin  ,120. 


liTERATURE  ON  REQUEST. 

The  BAER  fibre  fabrication 
data  builetin— crammed  with  per¬ 
tinent  information  and  specifications 


Electronic  Generator 

Model  No.  RL-1  is  a  variably  wi.  ?- 
f6rm,  variable  frequency  eltctrop?'’ 
generator  manufactured  by  Radio- 
Television  Institute,  Inc.,  480  Lex- 
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The  Employees  and  Management  of 

The  Benwood-Linze  Company 
and 

The  B-L  Electric  Manufacturing  Company 
are  honored  to  announce  that  the 
Army-Navy  “E”  Production  Award 
for  Excellence  in  War  Production 
was  made  to  the  company  on 

Thursday,  August  twenty-third 
Nineteen  hundred  and  forty-five 


PTICAL 


and  REFIKTORS 

FOR  ELECTRONIC,  OPTICAL 
AND  SCIENTIFIC  APPARATUS 

We  specialize  in  the  production  of 
front  or  rear  surface  mirrors,  made  to 
your  specifications.  Closest  optical  and 
dimensional  tolerances  observed. 

Because  of  their  proven  superiority, 
ZENITH  mirrors  are  preferred  by  many 
leading  manufacturers  of  precision 
equipment. 


•  EXCEPTIONAL  REFLECTIVITY 

•  ALUMINUM,  SILVER,  GOLD,  etc. 

•  OPAQUE  OR  SEMI-TRANSPARENT 

•  PERMANENT  CHARACTERISTICS 

•  PROMPT  SERVICE 


We  invite  your  inquiry.  Samples  and 
quotations  will  be  submitted  promptly. 


ENITH  OPTICAL  LABORATORY 


SPECIALISTS  IN 
VACUUM  DEPOSITION 


123  WEST  64th  STREET 
NEW  YORK  23,  N.  Y. 


ijigton  Ave.,  New  York  17,  N.  Y. 
A  feature  of  the  unit  is  its  ability 
to  maintain  essentially  constant 
rms  output  voltage  while  permit¬ 
ting  variation  of  waveform  and 
frequency.  The  waveform  of  the 
output  voltage  can  be  carried  from 
nearly  square  wave  through  sine 
wave  to  peaked  wave  covering  am¬ 
plitude  factors  (ratio  of  peak  to 


rms  volts)  of  from  1.16  to  1.65. 
The  frequency  is  variable  over  a 
range  from  50  to  2400  cps.  Output 
voltage  is  115  v  rms  nominally,  ad¬ 
justable  between  110  and  120  v.  Reg¬ 
ulation  of  output  voltage  is  better 
than  3  percent  from  no  load  to  300 
w,  and  for  line  voltage  changes 
from  110  to  120  v  a-c.  The  output 
voltage  stays  within  the  same 
limits  for  frequency  changes  over 
the  whole  range,  as  well  as  for 
changes  in  amplitude  factor  from 
1.16  to  1.65.  Units  can  be  designed 
for  other  output  voltage  and  power 
ratings  and  frequency  ranges. 


Self-Regulated  Power  Pack 

The  new  tag  Model  1220-EB 
pack,  available  from  Technical  Ap¬ 
paratus  Co.,  1171  Tremont  St., 
Boston  20,  Mass.,  provides  two  volt¬ 
age-regulated  d-c  outputs  on  ranges 
used  for  anode  and  bias  voltages. 
The  high-voltage  output  is  contin¬ 
uously  adjustable  from  zero  to  400 
V  with  voltage  automatically  held 
at  its  initial  setting  under  load 
variation  from  zero  to  full  current. 
Maximum  current  output  on  the 
anode  supply  is  250  ma;  maximum 
power  output  is  40  w.  Regulated 
bias  voltage  is  continuously  adjust¬ 
able  from  minus  100  v  to  zero  at 
maximum  current  of  2  ma.  The  in¬ 
strument  is  assembled  with  oil-im¬ 
pregnated  oil-filled  capacitors,  and 
it  is  anti-fungus  treated. 
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METALLIC 
RFXTI  PIERS 


SELENIUM 
COPPER  SULPHIDE 


A  few  B-L  Rectifier 
applications  are  illus¬ 
trated  below: 


BUSINESS  MACHINES 


Bt  metallic  electrical 

RECTIFIERS 

offer  you  these  advantages: 

They  are  COMPACT 

For  a  given  power  output  the  space  required  by  metallic  rectifiers  is 
very  small. 

They  are  SILENT 

B-L  Rectifiers  are  silent  in  operation  and  have  no  moving  parts. 

They  are  DEPENDABLE 

Dependability  is  assured  by  their  simple  and  rugged  construction,  in 
which  no  glass  bulbs,  filaments,  or  other  fragile  parts  are  employed. 

They  are  TROUBLE-FREE 

Regular  maintenance  and  attention  are  unnecessary. 

They  are  RUGGED 

B-L  Rectifiers  are  rugged  and  will  withstand  heavy  overloads  for 
short  periods  of  time. 

They  are  ADAPTABLE 

B-L  Rectifiers  are  adaptable  for  power  outputs  from  Milliwatts  to 
Kilowatts. 

Many  rectifier  applications,  heretofore  considered  impractical, 
have  been  devised  by  B-L  Engineers.  It  is  more  than  likely  that 
they  can  be  of  assistance  in  solving  your  problems  of  convert¬ 
ing  AC  current  to  DC  . . .  Write  for  Copper-Sulphide  Bulletin 
R38-A  —  or  for  Selenium  Bulletin  R41-A. 

THE  BENWOOD-LINZE  COMPANY 

1815  Locust  Street . St.  Louis  3,  Mo. 

Long  Distance  Telephone  CEntrol  5830 
SALES  OFFICES: 

420  Lexington  Ave.  ^  New  York  17,  N.  Y.  MUrroy  Hill  5*5878 
20  N.  Wocker  Drive  Chicago  6,  Illinois  ^  CENtrol  2379 

Designers  and  Manufacturers  of  Selenium  and  Copper  Sulphide  Rectifiers^ 
Battery  Chargers,  and  DC  Power  Supplies  for  practically  every  requirement. 
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COAXIAL  CABLES 
FOR  RADAR 
AND  TELEVISION 


fabricated,  assembled 

and  tested  to  perfection 

/ 

TEStED: 

for  corona  leakage  . . . 
^  at  any  voltage 


TESTED: 

for  breakdtncn  . . . 


any  strength  up  to  30,000  volts 


From  the  first  projection  of  design, 
through  all  stages  of  OLYMPIC  metal 
parts  fabrication — production,  tooling, 
forming,  stamping,  grinding,  welding, 
brazing  and  soldering-emphasis  is 
placed  on  quality.  By  experience 
gained  in  meeting  existing  essential 
needs,  OLYMPIC  engineers  are  ready 
to  supply  your  postwar  requirements. 
Design  ingenuity,  resourceful  engineer¬ 
ing  and  precision  workmanship  will 
materially  aid  in  meeting  tough  pro¬ 
duction  schedules,  close  tolerances  and 
fabrication  intricacies. 

Close  customer  -  collaboration  at  all 
times  offers  the  convenience,  efficiency 
and  economy  of  your  own  metal  fabri¬ 
cation  department. 


ing  operations,  etc.  by  John  Meek 
Industries,  Inc.,  Plymouth,  Ind. 
BCG  has  assigned  a  band  of  460- 
470  me  for  handie-  and  walkie- 
talkie  use  by  civilians. 

Electrical  Insulation 

The  Varflex  Coep.,  Rome,  N.  Y., 
has  developed  and  is  now  produc¬ 
ing  a  new  type  of  electrical  insula¬ 
tion  based  on  the  silicone  high- 
temperature  resins  in  combination 
with  normalized  Fiberglas.  It  is 
made  in  various  grades  of  tubing. 
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Airtight  Steel-To-Glass  Seal 

A  NEW  METHOD  of  fusing  steel  and 
glass  in  a  permanent  airtight  seal 
for  metal  electron  tubes  has  been 
revealed  by  Dr.  G.  R.  Shaw,  Chief 
Engineer  of  the  Tube  Division  of 
the  Radio  Corporation  of  America, 
Harrison,  N.  J.  The  method  pro¬ 
vides  a  more  foolproof  process,  and 


permits  the  use  of  steel  for  the 
glass-to-metal  seal  in  place  of  spe¬ 
cial  alloys.  Steel  was  used  for  the 
header  insert  (the  ring-like  band 
of  metal  encircling  the  glass  button 
through  which  the  wire  leads  are 
introduced  into  the  tube)  shown  in 
the  illustration. 

Handie-Talkie  Production 

Portable  handie-talkie  sets  are 
being  made  for  civilian  use  for 
farms,  ship-to-shore  communica¬ 
tion  with  small  boats,  manufactur- 


Here’s  the  metal 
parts  fabrication 


•  OLYMPIC 

I  -TOOL  &  MFC.  CO.,  INC. 

39  CHAMBERS  ST. 
f  NEW  YORK  7,  N.  Y. 


-  'wti 


BLAW-KNOX  DIVISION  OF  BLAW-KNOX  COMPANY 
2077  Farmers  Bank  Building  *  Pittsburgh,  Pa- 


new  YORK  .  CHICAGO  •  PHILADELPHIA  •  BIRMINGHAM  .  WASHINGTON  •  Representatives  m  Principal  Cities 


is  not  new  to  the  Blow-KnoX  Cornpony 


Blaw-Knox  engineers,  in  close  cooperation  with 
the  United  States  Army  Signal  Corps,  developed 
and  designed  Radar  Towers  and  Buildings  in  1938, 
resulting  in  the  construction  of  a  complete  operat¬ 
ing  unit  in  1939. 

Since  then,  many  Tower  Structures  have  been  de¬ 
signed  for  different  types  of  Army  and  Navy  Radar 
service  and  produced  in  quantity. 

As  a  result  of  these  developments  the  Engineering 
and  Manufacturing  personnel  of  Blaw-Knox  have 
gained  an  unparalleled  experience  which  is  now 
available  to  the  Broadcast  and  Communication 
Industries. 

Whether  it’s  FM,  AM,  or  Television,  you  can  be 
sure  of  getting  the  most  out  of  your  power  and 
equipment  by  "Putting  the  Call  Through"  on 
Blaw-Knox  Vertical  Radiators  and  Radio  Towers. 
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Who  IS  a  major  sup- 

electroruc  eqmp 

ment  to  industry. 

agencies.servicemen. 

schools,  etc.? 
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HARVEY! 
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HARVEY! 
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cost? 
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‘.^ewn  speeiatised  experiences 
'Idch.  in  tmn.  conclave  yon 
4|aw#  tfotthle  'motmy* 

0!rd«(s_le  bC^'l4li^ 

'  ■  m  '  ^■‘1  --.'4.,: 


T  »  nr  TTiT 

ciJiniMSjjaajLBi 


sleeving,  and  tying  cord,  and  can 
be  furnished  on  some  types  of  wire 
and  cable.  Silflex  sleeving  can  be 
tied  in  knots  and  chafed  at  —85  F. 
It  remains  flexible  and  physically 
stable  at  +  450  F  indefinitely.  Lit¬ 
erature  and  a  sample  card  showing 
the  various  types  of  insulation 
available  will  be  sent  by  Varflex 
Corp. 


Resistance  Limit  Bridge 

A  RESISTANCE  limit  bridge.  Model 
LB-3  (working  to  plus  or  minus 
0.1  percent)  available  from  Indus¬ 
trial  Instruments,  Inc.,  17  Pollock 
Ave.,  Jersey  City  5,  N.  J.,  is  a  modi¬ 
fied  Wheatstone  bridge  that  has 
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WITH 
EITHER 
AC  OR  DC 


Untiring,  rugged,  compact  — 
Haydon  timing  motors  and 
devices  lead  electronics  engi¬ 
neers  into  new  fields  of  ac¬ 
complishment.  Haydon  elec- 
troneered  timing  is  available 
for  your  specific  voltage,  fre¬ 
quency,  output  speed  and 
torque  requirements. 

So  versatile  are  Haydon  syn¬ 
chronous  AC  timing  motors 
—  with  automatic  brake  for 
instant  stop,  reversible  feature 
and  shift  device  for  automatic 
reset  —  that  application  of 
automatic  timing  is  being 
found  practical  in  countless 
instances  where  never  used 
before. 

If  your  problem  is  new  —  call 
in  Haydon  engineers  —  we 
can  plan  and  build  specific 
motors  for  individual  needs. 


Meantime, 
have  you  our 
latest  j 

It* 5  handy  to  have. 


*Uc^On^  TIMING 

+lavdon 


M  A  N  U  r  A  C  TU  RI  NC  COMPANY 
•  INCORPORATED  • 


SPECIALLY  DESIGNED^^ 


TRANSFORMERS 

“tAe 


CHICAGO  TRANSFORMER 


3501  WEST  ADDISON  STREET 


CHICAGO.  18 


taheously  from  the  same  source.  A 
stand-by  switch  is  provided  on  each 
unit  so  that  either  recorder  will 
function  instantly  on  the  same  in¬ 
formation,  This  allows  the  second 
recorder  to  carry  on  without  in¬ 
terrupting  the  flow  of  high-speed 
material  during  the  interval  re¬ 


quired  to  provide  a  new  roll  of  tape 
for  the  first  recordei-.  The  Model 
MA-126  can  also  be  furnished  for 
relay  rackmounting.  It  opeiates  on 
either  110-220  volts,  60  cycles,  or 
220-230  volts,  25-50-60  cycles.  De¬ 
signed  for  efficiency  at  a  rate  of 
1200  words  per  minute,  the  unit 
handles  low  and  average  speeds 
with  ease. 


Tube  Extractors 

Thk  BMG  Company  of  Boonton, 
N,  .1.  announces  a  new  addition  to 
its  “Sure-Grip”  tube  extractors 
used  in  the  inserting  and  extracting 


#  During  its  many  years  of  experience 
in  the  engineering  and  manufacturing  of 
transformers  for  specialized  audio  ap¬ 
plications,  Chicago  Transformer  has  de¬ 
signed  and  produced  a  wide  variety  of 
types,  from  the  tiny  units  used  in  walkie- 
talkies  to  large  size  modulation  trans¬ 
formers.  If  you  have  a  design  problem 
involving  transformers  in  audio  or  other 
types  of  circuits,  let  this  well  qualified 
organization  be  of  service  to  you. 


Also  makers  of . . . 

Power  trantformort  for  radio 
and  other  electronic  circuits, 
vibrator  power  transformers, 
audio  and  filter  reactors,  in¬ 
strument  transformers,  auto 
and  control  transformers, 
wave  filters,  fluorescent  bal¬ 
lasts  and  ignlHen  ceils. 


of  delicate  miniature  and  straight- 
side  glass  radio  receiving  tubes 
manufactured  in  standard  bulb 
sizes  T5i  T7,  T8  and  T9. 


Low-Volla^e  Kertifiers 

Illustrated  is  a  stabilized  low- 
voltage  rectifier  manufactured  by 
Green  Electric  Co.,  130  Cedar  St., 
New  York,  N.  Y.  It  is  rated  at  200 
amp,  voltage  range  zero  to  3  v.  Any 
voltage  selected  in  the  range  is 
maintained  to  within  50  millivolts 
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SteNlCROVACPnmps 

HEART  or  HIGH  VACOUM  fTSTEMS 


(1  Extensive  line  covers 
every  known  applica¬ 
tion  ...  (2)  Assemblies 
complete  with  Lamps 
. .  (3)  Top-flight  en¬ 
gineering. ..(4)  Per¬ 
sonalized  service 
...(5)  Rapid-fire 
deliveries. 
Write  for 
Catalog.  i 


.Signal  iNDiaToiL 

894  BROADWAY. .  . .  NEW  YORK  3,  N.  Y. 

Telephone;  Algonquin  4-4770 


ackaging,  processing,  ship¬ 
ping  critical  equipment  to 
rigid  specifications  ! 

Export  Industries  specializes  in  crating,  box¬ 
ing  and  packaging  parts,  machinery  and 
equipment  for  long  haul  or  transoceanic 
shipment.  This  service  is  a  rapid,  convenient 
and  proven  means  of  protecting  valuable 
shipments  against  damage  and  delay  in 
transit  due  to  improper  packaging. 

All  shipping  specifications — government  or 
private — are  strictly  adhered  to,  and  in  the 
absence  of  specific  instructions,  proper  en¬ 
closures  can  be  provided  for  particular  prod 
uct  and  route.  Immunity  to  salt  spray,  hu¬ 
midity,  shock,  vibration,  loading  stress,  fun¬ 
gus,  heat  and  cold,  can  be  accomplished  . . . 
efficiently  and  economically.  Write  today. 

EXPORT 

INDUSf  eiES* 

53  DOWNING  ST..  NEW  YORK  14.  N.  Y. 


•  Higher  Vacuum  (in  the 
low  micron  range) 

•  High  volumetric  efficiency 

•  Low  power  requirement 

•  Complete  discharge  of  air 
— no  re-expansion 

•  Continuous  dehydration  of 
oil — no  moisture  to  re¬ 
evaporate 

•  Discharges  sudden  slugs 
of  liquid  without  injury 

•  Easily  accessible,  non-cor¬ 
rosive  discharge  valve 

•  Rugged,  compact,  simple 
construction 

•  Long  life  .  .  .  negligible 
maintenance 

•  Five  sizes — from  10  to  235 
cu.  ft.  per  min. 


'Stokes  VACUUM  GAUGES 

M<l*od  Typ«) 

^  Am  Always  Accurate  ^ 


looo 

I 


•  Require  na  calibratian 

*  Ropid  readings 

•  Simple  ta  aperate — just  tip  and 
read 

*  Twa  madels  (AA)  0  ta  5000  mi- 
crans — (BB)  0  ta  700  micrans,  with 
readings  ta  1/10  micron. 

F.  J.  STOKES  MACHINE  CO. 

4046  Tabor  Rood  Pkiladelphia  20.  Po. 


•  OATOBS  •  BQUIPMENT 
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THE  WORLD’S  MOST 


with  these  outstanding  features 

ir  1,000,000  VOLT  RESEARCH  LABORATORY 

★  VERY  LATEST  PRODUCTION  EQUIPMENT 

★  SPECIALIZED  WAR-LEARNED  TECHNIQUES 

From  this  new  ultra-modern  factory  come  capacitors 
carefully  engineered  and  accurately  produced.  Staffed 
by  skilled  engineers  and  backed  by  16  years  of 
technical  progress.  Industrial  Condenser  Corp.  is  sup¬ 
plying  capacitors  for  every  application.  If  your  speci¬ 
fications  call  for  Electrolytic,  Paper,  Oil,  or  Motor 
capacitors,  look  to  Industrial  Condenser  Corporation. 


plications  including  television  and 
industrial  heating.  Data  sheets  are 
available  from  the  manufacturer, 
Eitel-McCullough,  Inc.,  478  San 
Mateo  Ave.,  San  Bruno,  Calif. 


Non-Linear  Potentiometer 

The  Fairchild  Camera  and  In¬ 
strument  Corporation  (475  Tenth 
Ave.,  New  York  18,  N.  Y.)  an¬ 
nounce  a  non-linear  wire-wound  po¬ 
tentiometer  which  has  a  high  de¬ 
cree  of  operating  accuracy.  The 
manufacturer  states  that  toler¬ 
ances  of  one-half  percent  or  better 
have  been  consistently  reached  for 
certain  curves.  Developed  origin¬ 
ally  for  use  in  bridged  T  attenu- 


over  load  variation  from  zero  to 
200  amp,  and  with  line  voltage  vari¬ 
ation  of  plus  or  minus  10  percent. 
The  unit’s  voltage  stabilization 
system  includes  a  motor-driven 
Powerstat  and  a  simple  electronic 
pilot  device. 


Triode  Tube 

Illustrated  is  a  new  type  304TL 
(3-300B2)  multi-element  triode 
which  incorporates  a  new  design 
plate  and  a  non-emitting  grid  to 
assure  maximum  tube  life  and  high 
efficiency.  The  tube  has  many  ap- 


INDUSTRIAL  CONDENSER 

‘  CORPORATION 

3243-65  NORTH  CALIFORNIA  AVENUE,  CHICAGO  18,  U.  S.  A. 

District  Offices  in  Principal  Cities 

PAPER,  OIL  AND  ELECTROLYTIC  MOTOR  CAPACITORS 


Industrial  Condenser 
Corporation’s 

NEW  HOME 


^<4  * 
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SUMMI  model  504A 
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TESTER... 
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★  THE  PORTABLE  LAB 


THAT  GIVES  YOU^» 


★  Design  proven  by  over  5  years  produc¬ 
tion  of  thousands  of  this  model. 
Operation  as  simple  as  ABC.  Multi¬ 
section  push-button  svritches  do  all 
work.  Simply  "follow  the  arrows"  for 
tube  checking.  No  roaming  test  leads 
for  the  multimeter. 

★  Open  face  wide  scale  inch  rugged 
meter  built  especially  for  this  tester — 
— 500  microampere  sensitivity. 

A  Each  AC  and  DC  range  individually 
calibrated. 

A  Professional  appearance.  Solid  golden 
oak  carrying  case. 

A  Guaranteed  Rectifier.  ~ 


5PECIFICA  TIONS 


DC  MICPOAMPCRES:  O  SOO 
DC  MILLIAMPCRCS:  0- 2  .  S  •  1 0- 50- 2  SO 
DC  AMPERES:  0-1-10 

DC  VOLTS - 1000  OHMS  PER  VOLT: 

0-5-2S- 100-2  SO- SOO- 1000-2  SOO 
AC  VOLTS;  0  S-10-50-2S0-1000 
OUTPUT  VOLTS:  0-5- lO  SO-2 SO- 1000 


UATTERY  TEST:  Chock  Dry  Portable  '*A*'  and 
■'B''  Battorlos  Under  Load 
CONDENSER  CHECK:  Eloctrolytics  checked  on 
En|;lish  Reading  Scale  at  Rated  voltages  of 
2S-S0- 100-200-2S0-300-450  volts. 

TUBE  TESTER;  Emission  type  with  noise  test 
flo.iting  filaments,  easy  chart  operation. 
Checks  all  receiving  type  tubes. 

POWER  SUPPLY;  115  volts  60  cycle.  Special 
voltage  and  frequency  upon  request. 


YOU  NEEDTHiS 
BOOK.  “The  Cathode 
Ray  Oscilloscope." 
i)y  Raymond  Sow.ird. 
fully  explains  It  a  s  •  c 
operating  principles 
of  the  Oscilloscope. 
New.  2S  p.tges.  writ- 


SUPREME  INSTRUMENTS  CORPORATION. 
Greenwood/  Miss. 

I  dnclose  herewith  25c.  Please  send  me  your 
new  25-paffe  booklet.  **The  Cathode  Ray  Osclllo* 
scope.**  by  Raymond  Soward. 


City  and  State.. 


ALNICO" 

PERMANENT  MAGNETS 


Specializing  in  the  production  of  highest  quality 
Alnico  Magnets  in  all  grades  including  new  triple 
strength  No.  5. 


Production  material  checked  to  assure  highest 
uniform  qualify  of  product. 


Castings  made,  to  customer's  special  order  on 
the  basis  of  sketches  or  ibiueprints  furnished. 

.  ..  ^  "  -/*  ' 

'  Information  an3  |uggdl»ti(!>ns  furnished  on  request. 


GENERAL  MAGNETIC 


CORPORATION 


MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  ALLOYS 


2126  E.  Fort  Street 


Detroit  7,  Michigan 


VERSED  IN 
TRANSFORMERS 
FOR 


PRODUCTS  i 


We  are  completely  equipped 
for  volume  production.  Write  us 
concerning  your  requirements. 


DONGAN  ELECTRIC  MFG.  CO. 


2977  Franklin 


Detroit  7.  Mich. 


The  -DeiHpen  Line 


We  Invite 
Inquiries 
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jtors  in  Fairchild’s  airborne  elec¬ 
tronic  computing  gunsights,  the  po¬ 
tentiometer  is  at  present  available 
to  industry  in  one  standard  size 
(li-in.  outside  diameter).  It  can 
be  used  singly,  or  stacked.  Other 
features  of  the  unit  include  good 
flexibility  for  reproducing  any  de¬ 
sired  curve  within  certain  limits, 
snail  size,  long  life  with  sustained 
jccuracy,  and  the  ability  to  replace 
nore  costly  alternative  circuits  and 
tomponents. 


Connectors 

Designed  especially  to  simplify  the 
Baking  of  connections,  taps,  and 
splices  in  coaxial  and  shielded  ca¬ 
ble  are  connectors  announced  by 
Burndy  Engineering  Company  (17 


Bruckner  Blvd.,  New  York  54, 
N,  Y.)  as  an  addition  to  their  line 
of  Hydant  products.  The  connect¬ 
ors  aid  in  the  elimination  of  solder¬ 
ing  and  minimize  the  possibility  of 
insulation  being  damaged  by  heat. 

High'Vacuum  Capacitors 

Jennings  Radio  Mfg.  Co.,  1098  E. 
IVilliam  St.,  San  Jose,  Calif.,  an¬ 
nounces  four  new  high-vacuum  ca¬ 
pacitors  ranging  from  1  nfif  at 
amp,  3,000  peak  volts  to  250  /t/^f  at 
50  amp,  20,000  peak  volts  and  a 
special  high-power  unit  rated  50,- 
500  peak  volts.  Capacitors  are 


Mmfwk  ____  . 
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in  a  typical  machine  control  —  Sigma 
sensitivity  and  high  speed  are  applied  in  this 
control  to  safeguard  valuable  dies  in  a  large 
press.  Continuing  press  cycles  are  possible 
only  as  each  formed  piece  is  ejected  and 
monitoned  by  the  control. 


"€  For  Smallest  < 
^  Precision  Parts  and 
^  Intricate  Timing  Gears 


NEW  11th  EDITION 

lo 


The  only  official 
Radio  and  Electronic 
equipment  source-book 


in  th«  A  < 
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TELEOPTIC 


THE 


ACINt.  WISCONSIN 


DFMY  mm 

PROVIDE  DELAYS  RANGING 
FROM  I  TO  120  SECONDS 


delay 

RELAY 


If  you  ore  on  Engineer  or  Purchasing 
Agent  WRITE  FOR  FREE  COPY  NOW 

Write  us  on  your  company  letterhead 
and  we'll  put  you  in  touch  with  the 
jobber  nearest  you  who  has  your  FREE 
Copy.  No  obligations. 

Address  Dept.  FEP 

UNITED  CATALOG 

PUBLISHERS,  INC. 

110  Lafayette  St.,  New  York  13,  N.  Y. 


MPfc«lTt 

Delay 

RELAY 


AMPERITE  CO 


561  BROADWAY 
NEW  YORK  12.  N.  Y. 

In  Canada:  Atlas  Radio  Corp.,  Ltd. 

560  King  St.  W.,  Toronto 
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Writ*  for  Profusely 
Illustrated  Catalog 
showing  typical  Tel- 
air  Parts.  It  will  save 
you  time  and  money. 


the  product  does,  its  specifications,  com¬ 
parable  and  competing  items  .  .  .  Thou, 
sands  of  illustrations... Data  covers  90% 
of  all  products  in  the  industry,  each  item 
indexed  and  cross  indexed. 


makes  it.  Directory  of  manufacturers  al¬ 
phabetically  listed,  with  page  numbea 
for  instant  reference. 


Prices  on  thousands  of  items,  all  clearly 
catalogued  for  easy  buying. 
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you  can  get  it.  Your  nearest  sources  that 
can  supply  your  radio  and  electronic  re¬ 
quirements.  Saves  time  .  .  .  Eliminates 
bulky  files. 


^  Other  important  features  include:— 

7.  Compensated  for  ambient  temperature 
'i  ^  ^  changes  from  —40°  to  11 0°F. 

^  '  2.  Contact  ratings  up  to  115V-10a  AC. 

'  3.  Hermetically  sealed  —  not  affected  by  al- 
„  ,  titude,  moisture  or  other  climate  changes  .  .  . 
::  '  Explosion-proof. 

^  4.  Octal  radio  base  for  easy  replacement. 

,  5.  Compact,  light,  rugged,  inexpensive. 

6^'.  Circuits  available:  SPST  Normally  Open; 
SPST  Normally  Closed. 

WHAT'S  YOUR  PROBLEM?  Send  for  "Spe¬ 
cial  Problem  Sheet"  and  Descriptive 
Belletln. 


Distributors 
from  coast  to 
coast  have  just 
bought  quanti¬ 
ties  of  this  800 
Page,  hard -cov¬ 
ered  encyclope¬ 
dia  ready  for  free 
distribution. 


with  heater  wound 
dkec*!y  on  blade 
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available  in  small  enough  sizes  for 
aircraft  and  mobile  police  equip¬ 
ment  and  in  larger  units  for  heavy 
industrial  electronic  equipment. 


Crystal  and  Holder  Assembly 

Crystal  and  holder  assembly, 
designated  as  the  MX-9  Series,  is  a 
high-(iuality  Brazilian  quartz  crys¬ 
tal  mounted  in  a  dust  and  moisture- 
proof  holder  designed  to  fit  a 
standard  3-prong  crystal  socket.  It 
is  designed  for  frequency  control  in 
communication’  and  experimental 
service.  (The  frequency  is  specified 
by  the  customer.)  All  units  are 
calibrated  against  a  primary  fre¬ 
quency  standard  which  maintains 
an  accuracy  of  one  part  in  five  mil¬ 
lion.  Frequency  range  is  250-10,000 
kc;  frequency  accuracy  is  rated  at 
a  tolerance  of  0.01  percent  of  the 
specified  frequency  at  20  C  is  main¬ 
tained  for  all  frequencies  between 
250  and  1200  kc.  Between  1200  and 
10,000  kc,  this  tolerance  is  0.02  per¬ 
cent  of  the  specified  frequency; 
temperature  range  between  minus 
40  and  plus  55  C.  Bendix  Radio, 
Baltimore,  Md. 

Torque  Tool 

Speed  and  comfort  in  operation 
are  features  of  a  spintite-style  tool 
designated  as  “Tork-Tite”  which 
makes  possible  torque  tightening  in 
inch-ounce  settings  in  precision  in¬ 
struments.  The  torque-limiting  ac¬ 
tion  of  the  tool  eliminates  possi¬ 
bility  of  over-tightening  and  as¬ 
sures  accuracy  where  sensitive  and 
definite  torque  accuracy  is  required 


for  assembly  or  laboratory  work. 
The  tool  is  available  in  two  models, 
with  either  fixed  or  adjustable 
torque  setting.  The  adjustable 
model  is  ■  quickly  set  to  a  desired 
torque  reading  in  the  handle.  Sky¬ 
way  Precision  Tool  Co.,  3217  Casi- 
tns  Ave.,  Los  Angeles  26,  Calif. 

Screen  Booth  Filler 

A  NEW  POWER-LINE  filter  for  use 
with  screen-rooms  prevents  en¬ 
trance  of  objectionable  line  noise  at 
all  frequencies  from  150  kc  to  400 


Suft&wjtSh 
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QiuiAanteed  ACCURACY 


Due  to  design  characteristics  and  close  control  of  manufacturing 
processes,  Burlington  instruments  embody  the  following  ad¬ 
vantages: 

PERMANENCE  OF  CALIBRATION  •  ■  •  All  DC  instrumenta  employ  Alnico 
magneta  which  are  known  to  be  more  highly  reaiatant  to  ahock.  heat,  vibration, 
and  alray  iielda  than  any  other  magnetic  material. 

FREEDOM  FROM  STICKING  «  ■  ■  Clearancea  for  all  moving  porta  are  auch 
thot  the  reaulta  of  entrance  of  email  particlea  aa  encountered  in  field  aervice  are 
reduced  to  a  minimum. 

STABILITY  OF  OPERATION  .  .  .  All  inatrumenta  are  "NORMALIZED" 
after  aaaembly  to  eliminate  "zero  ahift"  and  other  calibration  errora  due  to  ageing. 

Exceptionally  high  torque  to  weight  tatio  oF  control  apringe  to  moving  element 
inaurea  minimum  error  under  conditione  of  ahock.  vibration,  and  other  rough  uaage. 

Alignment  of  iewela  and  magnet  core  piece  ia  auch  that  the  center  linea  of  theae 
porta  coincide  within  plua  or  minua  .002".  The  deaign  of  the  braaa  movement  frame 
and  componenta  ia  auch  that  mechanical  tolerancea  are  reduced  to  o  minimum  in 
oaaembly.  Aa  a  reault.  jewel  and  pivot  wear  ia  uniform  which  reducea  "frictional 
torque"  of  the  moving  coil. 

All  aeriea  reaiatora  and  coila  are  heat  treoted  ond  impregnated  ofter  wrapping 
to  inaure  atabilily  and  long  life. 

All  rangea  AC  &  DC  are  availoble  in  IVi",  V/z"  and  AVz"  aizea.  both  aquare 
and  round,  fltuh  mounting. 

Engineering  service  iurnished  for  specialized  applications. 

No  obligation.  Write  today  for  further  information. 


BURLINGTON  INSTRUMENT  CO. 


WB 


100  FOURTH  STREET 

BURLINGTON,  IOWA 


PANEL  INSTRUMENTS  •  VOLTAGE  REG 
ULATORS  •  AUTOMATIC  SYNCHRO- 
NIZERS  •  fREQUENCY  REGULATORS  /  j 
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laaulotad  in«tal  cor*  ■up- 
ports  rosistonc*  winding. 
Winding  imboddod  Gi 
"Groonohm"  cold-sotting  in  - 
organic  comont. 


i^  Hundreds  of  thousands  of  these  Clarostat 
power  rheostats  are  now  in  daily  use.  They 
ore  standard  equipment  in  radio,  electronic, 
aircraft  and  other  wartime  assemblies.  Like¬ 
wise  in  more  and  still  more  industrial  equip¬ 
ment.  They  ore  proving  that  they  "con  take 
it" — and  then  some.  No  tougher  controls 
are  made. 


Normal  current  rating  may 
bo  oxcoodod  by  50%  at  any 
sotting  up  to  1/3  total  rota¬ 
tion,  without  damage. 


Rotor  design  provides 
smoothest  rotation  and  posi¬ 
tive  conduction  ot  all  set¬ 
tings. 


The  25-  and  50-watt  units  here  shown  are 
of  the  enclosed  or  protected  type.  Uncased 
units  ore  also  available,  where  the  casing 
is  not  required.  Wide  choice  of  resistance 
values. 


Detent  action,  hop-olfs,  spec¬ 
ial  shafts,  different  termin¬ 
als,  etc.  ovailoble  on 
special  order. 


me.  The  unit  is  designed  for  con¬ 
tinuous  operation  at  500  v  d-c  or  a-c 
at  a  full-load  current  of  100  amp. 


It  is  available  for  installation  in 
two-wire  and  three-wire  circuits, 
and  provides  attenuation  better 
than  60  db  over  the  entire  band 
Three-wire  filters  measure  23  x 
12  X  41  in.  The  two-wire  filter 
measures  20  x  8  x  4i  in.  Tobe 
Deutschmann  Corp.,  Filterette  Div., 
Canton,  Mass. 


Capacitor  Mounting  Clip 

A  NEW  CAPACITOR- mounting  clip 
that  requires  no  tools  for  assembly 
is  announced  by  P.  R.  Mallory  & 
Co.,  Inc.,  Indianapolis,  Ind.  This 
clip,  originated  by  Mallory  and 


made  by  Prestole  Division  of  the 
Detroit  Harvester  Co.,  Toledo, 
Ohio,  is  available  in  five  sizes  rang¬ 
ing  from  §  to  li  in.  and  is  desig¬ 
nated  as  Mallory  Type  TH  or  Pres- 
tol  Series  500. 


High-Vacuum  Gage 

Redesigned  McLeod  type  portable 
high-vacuum  gage  with  built-in 
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Men  with  substantial 
experience  wanted,  pre¬ 
ferably  those  having  De¬ 
grees  In  FJectrIcal  or 
Communications  Engi¬ 
neering.  Write,  giving 
details  of  experience 
and  salary  expected,  to: 

FREED  RADIO 
CORPORATION 

Makers  of  the  Famous  Freed- 
Eisemann  Radio-Phonograph 

200  Hudson  Stroot 
NEW  YORK  13.  N.  Y. 


IMMEDIATE 

DELIVERIES 


9GchQo4je/tA, 

enable  jacks  ta  be  completely 
sealed  against  water  and  mois¬ 
ture.  No  special  holes  or  tools 
required. 

Specified  on  many  Navy  items. 
Knob  available  in  black  or 
red.  All  necessary  hardware 
included.  Moderately  priced. 

Send  for  catalog  on  this  and 
other  waterproofing  items. 


HmfROOF 

ELECTRIC  COMPANY 
70  E.  VEROUGO  AVE.,  BURBANK,  CALIF. 


The  result  of 
1 0  years  of  Vacuum 
Tube  Voltmeter 
Engineering, 

MODEL  VM-27 

1.3.10-30-100  volts 

Peak  response,  r.m.s.  calibration. 

HIGH  IMPEDANCE— 4  megohms  at  50  cycles,  50,000  ohms 
at  100  megacycles.  7  megohms  for  d-c. 

ACCURATE— Better  than  2  percent  on  d-c  and  60  cycles 
thru  50  megacycles. 

SELF-CONTAINED— 1 15  or  230  volt  50-60  cycle  line  operation. 

RF  PROBE 

Interchangeable  probe  included  for  convenience  and 
efficiency  in  making  AC  and  RF  measurements.  Input  ca¬ 
pacity  5  micro  farads.  Ruggedly  mounted  6H6  tube  in 
balanced  circuit.  Complete  voltmeter  with  probe  $150  net 
f.o.b.  Flushing,  N.  Y. 


ALFRED  W.  BARBER  LABORATORIES 

34-06  Francis  Lewis  Blvd.  Flushing,  N.  Y. 


ACCESSORIES 

To  Increoie  VM-27  rente 
to  1000  volts. 


10X  AC  MULTIPUER 
MODEL  ACM-17 

Input  Impedance  even 
greeter  then  prebe 
alone.  Flat  response 
from  20  cycles  to  200 
megocycles.  $17X10  net 
f.o.b.  Flushlne,  N.  Y. 


10X  DC  MULTiniER 
MODEL  DCM-37 

5  megohms  Input  resist¬ 
ance.  $8.00  net  f.o.b. 
Flushing,  N.  Y. 


WATERTIGHT 


WM  PANEL  MOUNTING 

PLUGS  AND  RECEPTACLES 
VIBRATION-PROOF  ASSEMBLIES 


For  locknut  or  bolted  style  mounting  to  panels  1/16. 
to  5/8"  thick.  Precision  built  housings  —  light  weight, 
ample  wiring  space. 


Contacts  fully  machined,  self  wiping  and  free  floating. 
All  terminals  identifed.  Polarized,  grounded  and 
shielded. 


Interior  moulded  bakelite.  Moulded  rubber  gaskets  on 
watertight  style. 


Thousands  in  use  for  vital  war  service. 

SiMce  7902  Please  address 

Dept.  No.  H 
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EXPLOSION-PROOF,  water  TIGHT,  INDUSTRIAL  LIGHTING  HXIUP!  , 
AND  EQUIPMENT  AUTOMATIC  LOCKING  "EVEP  LOK"  CONNfCro*''. 

125  BARCLAY  STREET  •  NEW  YORK  7,  N.  Y. 


EVERLOK 

AUTOMATIC 

LOCKING 


FOR 

POWER 

10  to  200  AMP. 
2,  3  &  4  POLE 


FOR 

PORTABLE  SOUND 
AND  SIGNAL  SYSTEMS 
2  to  12  POLE 


25  AMITY  STREET 
LITTLE  FALLS,  N.  J. 


I  Get  the  SpetifUatious 
On  This  Improved 

0ll6^Pi^C^ 

Solde^essTerminai 


a-Cator  station  control  which  will 
be  available  postwar  to  industry 
from  Gordon  Specialties  Co.,  823  S. 
Wabash  Ave.,  Chicago  5,  Ill.  Mes¬ 
sage  traffic  (voice  or  code)  is  di¬ 
rected  or  beamed  over  a  narrow  arc 
which  tends  for  secrecy,  minimizes 
interference,  and  increases  signal 
strength  6  to  9  db  (power  gain  of  5 
to  8)  in  the  desired  direction,  with¬ 
out  increasing  the  power  of  the 
transmitting  source.  The  unit  is 
effective  on  either  transmission  or 
reception. 


You'll  be  amazed  to  see  how  pro¬ 
duction  can  be  increased  and 
performance  improved,  with  the 
Sherman  UNI-CRIMP  One-Piece 
Solderless  Terminal. 

Here's  a  terminal  that  insures 
highest  conductivity.  It  is  made  of 
fine  grain,  specially  rolled,  pure 
electrolytic  copper,  rated  at  100% 
conductivity.  And  —  the  entire  in¬ 
side  of  the  barrel  is  serrated,  which 
provides  a  strong  grip  on  the 
entire  circumference  of  the  wire, 
and  greatly  increases  the  contact 
area. 

Write  for  Bulletin  UC-2,  giving 
full  specifications.  See  for  yourself 
why  the  UNI-CRIMP  is  stronger 
mechanically,  more  efficient  elec¬ 
trically,  easier  to  install,  and  more 
economical. 

Find  out  how  you  can  switch 
over  to  the  UNI-CRIMP  and  speed 
up  production,  without  any  change 
in  your  present  set-up. 

H.  B.  Sherman  Mfg.  Co., 
Battle  Creek,  Mich. 

r  ThTsWerman 

;UNI-CRIMP, 

SoL<j#‘lilssTermina 


condensable  vapor  trap  is  an¬ 
nounced  by  F.  J.  Stokes  Machine 
Co.,  Philadelphia  20,  Pa.  Accurate 
readings,  within  the  micron  range, 
are  obtainable  even  when  condens¬ 
able  vapors  are  present  in  the  vac¬ 
uum  system.  The  compact,  built-in, 
renewable  chemical  cartridge  pro¬ 
tects  the  gage  by  absorbing  all  such 
vapors.  Other  features  have  been 
incorporated  into  the  unit  which 
can  also  be  used  to  check  quality  of 
products  being  processed,  to  know 
whether  or  not  a  vacuum  system  is 
tight  and  functioning  properly,  to 
determine  efficiencies  of  vacuum 
pumps  and  other  equipment,  etc. 
The  unit  is  available  in  two  models, 
zero  to  5000  microns  (5  mm)  and 
zero  to  500  microns. 

Point-to-Point 
Communication  Unit 

Illustrated  are  the  Roto-Beam 
Rotator  (top)  and  Synchro  An  ten- 


«s  sen  t!  a  I 


To  meat  tha  damond  for  pra- 
cision  •  functioning  rasistort, 
imparvious  to  moistura,  haot 
and  othar  datrimantai  condi¬ 
tions,  IN-RE$-CO  typas  RB  and 
SB  wara  davaiopad.  Non- 
inductiva,  and  with  standard 
toiaranca  of  yi%,  typa  RB 
has  a  maximum  rasistanca  of 
500,000  ohms,  and  moasuras 
9/16"  high  and  9/16"  in 
dlamatar.  It  is  ratad  at  Vs 
watt.  Typa  SB  is  ratad  at  1 
watt,  has  a  maximum  rasist¬ 
anca  of  1  magohm,  and  is 
1  1/16"  high  and  9/16"  in 
diamatar. 

Dispiaying  axcaiiant  stabiiity 
undar  advarsa  climatic  and 
oparating  conditions,  an  ad¬ 
ditional  faatura  of  IN-RES-CO 
wirawound  rasistors  is  thair 
low  distributad  capacity.  Tha 
naw  IN-RES-CO  catalog  cov- 
aring  tha  complata  lina  of 
dapandabla  rasistors,  motor 
shunts  and  multipliars  is 
avallabla.  A  nota  on  your 
company  lattarhoad  will 
bring  it  promptly. 
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D.  M.  STEWARD  MFC.  COMPANY 


Moin  Office  &  Works.  Choffoi 
Needham,  Mass.  .  Chicago 


HERMAN  H. 


COMPANY,  INC, 


CONTROc 


e(t  tfowt  dotm 


STEATITE 

CERAMIC 


Properties  and  Characteristics  of  Our 
LAVITE  SI'S  Steatite  Ceramic  Body 

Compressive  Strength  . 96.000  Ibt.  per  square  inch 

Ttaoilie  Strength  .  7.200  lbs.  per  square  inch 

flexural  Strength  . 10,500  lbs.  per  square  inch 

lisdulus  of  Rupture  . 20,000  lbs.  per  square  inch 

Bielectric  Strength . 235  volts  per  mil 

iiilk  Specific  Gravity  . 2.6640/o 

Oensity  (from  above  gravity).  .  .  .0.096  lbs.  per  cubic  inch 

Msf^ness  (Mohr  scale)  . 7.0 

loaning  temperature . 2.3S0^F. 

Uaear  Coefficient  of  Expansion  . 8.13xlO*-6 

Moisture  Absorption  (ASTM  D-116-42  A) . 0.0090/o 

Makers  of  electrical  and  radio  apparatus  destined 

for  war  service  are  finding  in  LAVITE  the  pre¬ 
cite  qualities  called  for  in  their  specifications 
.  ,  .  high  compressive  and  dielectric  strength, 
low  moisture  absorption  and  resistance  to  rot, 
fumes,  acids,  and  high  heat.  The  exceedingly  low 
loss-factor  of  LAVITE  plus  its  excellent  worka¬ 
bility  makes  it  ideal  for  all  high  frequency 
applications. 

We  will  gladly  supply  samples  for  testing. 


Tho  NEW  Modol  MK  Foot  Switch  is  sofo,  suro  and  foliguo-proof  I  It  it 
dosignod  For  mounting  on  tho  floor,  ond  tho  treodie  is  so  close  to  the  floor 
that  tho  oporotor  con  rest  his  full  weight  m  tho  most  normal,  most  restful 
position.  The  hood  over  the  treadle  mokes  the  Model  MK  absolutely 
sofo— >the  foot  must  be  inserted  in  the  switch  to  actuate  the  control. 
Tho  AAodol  MK  employs  the  famous  Aero  switch  unit  which  is 
your  guarantee  of  millions  of  trouble*freo  operations.  Write  for 
details — the  rugged  construction  and  low  cost  will  please  you.  ^ 
^  Wo  ore  ob/o  to  supply  you  from  stock 

General  Control  Company  makes  a  line 

O  of  foot  switches  for  every  need—* 

O 

^  ask  for  Cotolog  No.  100.  . 


NEW  BATTERY-VIBRATOR  TYPE 

No  more  tiresome  cranking  of  a  hand-driven 
generator.  Entirely  self-contained.  Steady 
test  potential  of  500  volts  D.C.  available 
at  the  touch  of  a  switch.  Direct  reading  in 
insulation  resistance.  Various  new  models 
and  ranges. 

Write  or  phon,e  for  Bulletin  430 


CONDENSER  mcmU 


BUO  condaitMr*  or*  mod*  to  meat  moat 
•Uctronic  application*  ...  in  »iz*t  from 
Im*  than  an  inch  to  ovor  thirty  inch**  .  .  . 
with  a  wido  rang*  of  air-gaps,  capacitio* 
and  othor  mochanical  dotail*.  Boforo  ordor- 
ing  tpocial  condonsort,  consult  tho  BUD 
Catalog.  Chanco*  aro  that  you  will  find 
oxoctly  what  you  wont  ...  at  a  saving 
in  timo  and  monoy!  Writ#  for  your  copy! 

SEND  COUPON  TODAY! 


Dopt- 

Send  «»P 
obliS"”®"  ’ 

name  . 

address 
i  CITY  *11 


vrithout 
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Literature 


Symbols  for  Electronic  Diagrams. 
The  Reference  Sheet  of  graphical 
symbols  for  electronic  diagrams 
which  appeared  in  August  issue  is 
now  available  in  reprint  from  at 
a  cost  of  10  cents  each.  The  re¬ 
print  is  printed  on  heavier  white 
coated  paper  and  will  be  mailed 
Hat  so  that  it  can  be  mounted  and 
used  as  a  handy  and  quick  refer¬ 
ence  sheet.  Write  Electronics, 
Editorial  Dept.,  330  West  42nd  St., 
New  York  18,  N.  Y. 


^andards  Catalog.  Available 
through  American  Standards  As¬ 
sociation  (70  East  45th  St.,  New 
York,  N.  Y.)  is  a  new  list  of  all 
American  standards  and  war 
standards  to  date.  Approximately 
800  are  listed  under  various  fields 
covered  by  the  Association  and  ref¬ 
erence  is  facilitated  by  a  separate 
alphabetical  list.  Typical  of  1944 
items  in  the  electrical  engineering 
category  are: 

C6.1.  Terminal  Markings  for 
Electrical  Apparatus. 

C8.1.  Definitions  and  General 
Standards  for  Wire  and  Cables 
(AIEE  30-1944). 

C16.10.  Volume  Controls  (Home 
Receiver  Replacement  Type) 
(American  War  Standard). 

C29.1.  Insulator  Tests  (AIEE 
41-1944). 

C39.2.  Electrical  Indicating  In¬ 
struments  (2i-  and  3J-inch  round, 
flush-mounting,  panel  type)  (Amer¬ 
ican  War  Standard)  (2nd  edition). 


You  may  want 
to  build  BELL 
electronic 
controls  or 
assemblies  into 
your  post'war 
plans 


BELL  may  stack  up  perfectly 
—  in  both  facilities  and  expe¬ 
rience — as  a  source  of  electronic 
controls  or  assemblies  to  meet 
the  needs  of  your  post-war 
products  or  production.  We’ll 
gladly  discuss  the  ABC’s  of 
electronics  with  you  in  terms 
of  your  specific  problem.  Why 
not  write  today? 

BELL  PRODUCTS  INCLUDE: 
Electronic  Sound  Devices  . .  .  Inter¬ 
communicating  Systems  ...  In¬ 
dustrial  Voice-Paging  and  Broad¬ 
casting  Equipment  .  .  .  Permanent 
and  Portable  Amplifying  Systems 
.  .  .  Recording  and  Disc  Playing 
Units  .  .  .  Electronic  Controis  .  .  . 
Operating  Sequence  Recorders  .  .  . 
Other  Speciai  Devices. 


Standards  Literature.  Two  pieces 
of  literature,  namely  “Standards 
on  Radio  Wave  Propagation”  (defi¬ 
nitions  of  terms  relating  to  guided 
waves,  1945)  and  “Standards  on 
Piezoelectric  Crystals”  (recom¬ 
mented  terminology,  1945)  are 
available  at  20  cents  each  from  The 
Institute  of  Radio  Engineers,  Inc., 
330  West  42nd  St.,  New  York  18, 
N.  Y. 


Technical  Reference  Book.  This 
book  is  a  mechanically  handy 
loose-leaf  binder  which  embraces 
not  only  the  manufacturer’s  prod¬ 
ucts  (United  Electronics  Company, 
manufacturers  of  industrial  con- 


SOUND  SYSTEMS,  INC, 

tlBV  it«ax  Ava..' Columbus  3/tMria 

^^porf  Oflfeu; 

4900  tvfiid  Chvthiid  3i‘ Ohio 


.  TO  THE  MANUFACTURER  OF 

★  Star 


DOUBLE-CHECK  SYSTEM 

^JE-IO — Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy — Pins  of 
stainless  steel. 


^JE-  12  —  (Hardened 
tool  steel  insert)  or 
JE-13  ^Stainless  steel 
insert)  Miniature  tube 
pin  straightener  to  ob¬ 
tain  a  perfect  fit  when 
the  tube  is  placed  in 
the  set. 


For  compfofe  Informaflon 
and  prices — write 

RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

147  C«dar  St..  New  York  6.  N.  Y. 


pRlHX-  '^1^ 


.„y  met.»  ■ 

\ 

PROCRBSSIVIM^^ 

so  Horwood 


punus  BUY  MORE  WAR  BONOS  it 


■ 

SILVER 

WIRE  -  SHEET  -  TUBING 
SILVER  BRAZING  ALLOYS  &  FLUXES 

PLATINUM 

WIRE  .  RIBBON  •  FOIL 
SEAAALESS  TUBING 


MICROTORQUE 


SINSITIVI  •  ACCURATE 
RILIAtLi 

FUNCTIONS 

1  Con  b«  dirKlIy  coupled  to  low 
torquo  indkoting  molori  or  inowo* 
monti  (oxi.ting  proiiuro,  lompor- 
oturo  gougot,  otc.)  by  limplo 
yoko  on  inttrumont  pointer  with¬ 
out  interfering  with  initrument 
Indicating  function. 

2  Ideol  for  take-offs  from  bellows 
olements  (pressure,  temperoture, 
flow,  etc.)  causing  negligible 
drag  on  control  element. 

3  Ideol  amplifier  follow.up  com¬ 
ponents  in  bridge-type  control— 
relatively  large  electrkol  outputs 
for  small  mechonkol  inputs. 

4  Operolo  directly  recorder-con¬ 
trollers,  recording  galvanometers, 
milliommeters,  OKillogrophs  or 
pobrized  relays. 

5  Indkote  or  rocord  romotoly  posi¬ 
tions  of  shafts,  meters,  or  other 
mechonkol  elements. 


WRITE  SECTION  S 


aUTOFLIGHt 

'^STRUMErj  J 


POTENTIOMETER 

FOR  REMOTE  RECORDING 
INDICATION  CONTROL 


FEATURES 

1  Losi  than  .003  OK.  in.  inpvt  toequ** 

2  linoorify  or  bottafe 

3  Woighi  loss  thon  %  02.  spoco  •rr- 
volopo  l^x  ^'B^cylindor 

4  Vibrot.'on-proof,  4  to  55  cyclot  up 
to  6  g's. 

5  2.5  Wotti  power  dissipotion. 

6  Resistonce  100  to  2500  ohmi. 

7  Jewel  beorings,  plotinum  metol 
brush  orrd  resistonce  moteriol, 
highest  quolity  contoct  perform* 
once. 

t  long  life  ond  dependobility 
proved  tn  mony  oirborne  ond  in* 
dustriol  opplicotions. 

9  Avoiloble  in  270^  potentiometer 
orrongemenf  or  continuously  ro- 
totoble  tronsmifter  type— toroidol 
coil  topped  of  1 20*^  intervols  with 
twin  brush  toke*offs  seporoted  by 
180^ 


AUTOFLIGHT 


fua  iNjfcroifs 

hydraulic  Of- 
”  '’leisures  up 
fo  10,000  n.s! 


P  AIRCRAFT  &  DIESEL 
EQUIPMENT  CORP. 


DEPT.  16;  4411  N.  RAVENSWOOD  AVE. 

CHICAGO  40,  ILLINOIS 


trol,  radio  transmitting  and  power 
tubes)  but  the  general  field  of  elec¬ 
tronics.  Among  some  of  the  chap¬ 
ters  contained  in  the  book  are : 
“Basic  theory  of  electron  tubes ; 
tube  classifications  and  character¬ 
istics;  tube  manufacturing  proce¬ 
dure;  tube  functions  and  modes  of 
operation;  circuit  data;  end  uses  of 
electron  tubes;  installation  consid¬ 
erations;  standardization  practice; 
interchangeability  chart ;  defini¬ 
tions  of  electrical  terms ;  new 
standardized  circuit  symbols;  con¬ 
version  tables  and  a  bibliography. 
Write  United  Electronics  at  42 
Spring  St.,  Newark  2,  N.  J. 


PRECISION  PARTS 


THREE  STEPS 
TOWARD  VICTORY 


Fast  communication  between  fight¬ 
ing-units  gives  the  all-important  co¬ 
ordination  that  often  means  the 
difference  between  success  and  fail¬ 
ure.  These  tiny  rotor-shafts  are  a 
^  vital  part  of  an  Army  generator  that 

■  develops  the  “juice”  to  send  the 

I  messages  back  and  forth. 

I  Stainless  steel  bar-stock  is  center- 
5  less-ground  to  a  tolerance  of  .0005". 
Next,  the  blanks  are  machined  in 
automatic  screw  machines,  the  knurl 
being  held  to  .002"  on  the  outside 
«  diameter.  The  flats  are  straddle- 

milled  and  the  shaft  is  completed  by 
thread-grinding  the  worm. 

I  This  is  typical  of  Ace  work  on 
1  small,  accurate  parts  and  assemblies 

;  involving  stamping,  machining,  heat- 

I  treating,  and  grinding.  You’ll  find 

*  Ace  facilities  and  abilities  offer  many 

f  advantages.  Send  sample,  sketch,  or 

^  blueprint  for  quotations. 


Speaker.  A  two-way  multi-cellular 
loudspeaker  (designated  as  The 
Duplex  Speaker)  for  monitoring, 
radio,  public  address,  recording, 
television  and  f-m  reproduction,  is 
illustrated  and  thoroughly  de¬ 
scribed  in  a  12-page  bulletin.  The 
bulletin  also  contains  a  sound  chart 
which  shows  the  frequency  cover¬ 
age  (from  40  to  15,000  cycles  plus) 
of  the  speaker.  Response  curves  for 
Model  No.  605  Duplex  loudspeaker 
are  also  given.  Altec  Lansing  Corp., 
1210  Taft  Bldg.,  Hollywood  28, 
Calif. 


NOZZLE  TESTER 

Keeps  Diesel  Engines 
Running  Efficiently 


To  keep  diesel  engines  operating  at 
peak  efficiency,  this  portable,  preci¬ 
sion-built  Adeco  Nozzle  Tester  is  in¬ 
dispensable. 

Light  in  weight  yet  built  for  heavy- 
duty  service,  it  enables  any  mechanic 
to  make  quick  accurate  tests  on  in¬ 
jector  opening  pressure,  spray  pattern, 
etc.,  and  detect  stuck  needle  valves 
and  leakage  around  valve  seats.  Tests 
both  large  and  small  injectors,  on 
bench  or  engine,  at  pressures  up  to 
10,000  p.  s.  i.  Prevents  costly  delays 
and  possible  damage  to  engine. 

Ideal  for  test-  jk 

ing  hydraulic 
devices.  fll  I 


Electrical  Contacts.  A  new  36-page 
electrical  contact  catalog  and  data 
book  designated  as  Contact  Catalog 
No.  12  is  pi^blished  for  manufac¬ 
turers  of  products  utilizing  con¬ 
tacts.  Many  types  of  Stackpole  con¬ 
tact  materials  and  notes  on  the  ap¬ 
plications  of  each  type  is  given. 
Stackpole  Carbon  Co.,  St.  Marys, 


CURRENT  CAPACITY  AVAILABLE 

CYLINDRICAL  GRINDING— Multiple 
banks  of  widely  varying  internal  and 
external  cylindrical  grinders  are 
available  for  outside  diameters  up 
to  12'  by  24'  between  centers  .  .  . 
and  inside  diameters  as  small  as 
or  as  large  as  ‘±'  by  214'  long. 

THRIAD  GRINDING— Our  battery  of 
Ex-Cell-0  and  J  «fe  L  Thread  Grind¬ 
ers  equips  us  to  give  you  tolerances 
of  .0001'  on  all  Standard  V  Threads, 
Acme  and  Square  Threads,  and  on 
single  or  multiple  leads.  All  sizes  up 
to  5'  diameter  with  threads  8'  long, 
on  parts  up  to  20'  between  centers. 


Aircraft  Communications  Equip¬ 
ment.  Type  RTA-IB  communica¬ 
tions  equipment  for  aircraft  use 
combines  ten  crystal-controlled  re¬ 
ceiver  and  transmitter  channels 
with  integral  power  supplies  into  a 
single  unit  weighing  less  than  88 
lb.  The  equipment  is  described  in  a 
4-page  bulletin  from  Bendix  Radio, 
Baltimore  4,  Md. 


Write  for  bulletin 
on  thie  practical, 
lou)~co$t  unit. 


Magnavox  Literature.  Four  sep¬ 
arate  pieces  of  literature  from  The 
Magnavox  Company  (Fort  Wayne 
4,  Ind.)  include:  “A  Reference 
Guide  to  Magnavox  Electrolytic  Ca¬ 
pacitors”  which  is  a  24-page  book¬ 
let;  and  three  single  sheets  which 


ACE  MANUFACTURING  CORPORATION 
for  Precision  Parts 
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AIRCRAFT 


atCTRONiCS 


m  Wherever 

I  you  want 

I  POWER 

•round  Carrie, 
corner*. 


UE 
FTS 


F.W.  STEWART  MFG.C0RP. 

4311-13  RAVENSWOOD  AVE 
CHICAGO  13,  ILL. 

WEST  COAST  BRANCH: 

431  Venice  Blvd.;  Los  Anjclci  IS,  Cil> 


If  you  are  a 
SENIOR 

ELECTRONIC 

ENGINEER 

WITH  EE  DEGREE  OR 
PROVEN  EQUIVALENT 

HERE  IS  YOUR 

OPPORTUNITY! 


We  have  an  opening  for  a  design 
engineer  under  40  who  has  a  thor¬ 
ough  knowledge  of  tubes  and  low 
frequency  circuits  up  to  100  kc. 
This  is  a  permanent  position  with 
a  progressive  Chicago  firm.  Start¬ 
ing  salary  $5000.00  to  $6000.00. 
This  is  a  splendid  opportunity  with 
plenty  of  room  for  advancement 
for  a  man  who  is  willing  to  accept 
responsibility  as  his  abilities  are 
proved. 

Please  tell  us  all  about  yourself 
in  your  first  letter— state  age,  ex¬ 
perience,  education,  etc..  Enclose 
a  small  snapshot  of  yourself. 

P-906,  KlectronU's 

N.  MichiKan  Avp..  ChiraKo  11,  Ill. 


*1  >1 


0€iUu4«€ede 

FLOCK 

Write  lor  Color  Card, 

Prices,  Samples  and  Book¬ 
let  explaining  Uses  and 
-•Methods  ol  Application. 


Cameras 

Binoculars 

Telescopes 

Lined  with 
Cellusuede  Flock 


When  used  as  an  interior  lin¬ 
ing,  black  Cellusuede  flock 
does  an  efficient  job  of  "black¬ 
ing  out"  the  insides  of  cam¬ 
eras,  binoculars,  and  tele¬ 
scopes,  because  the  flock 
does  not  reflect  light  roys  .  .  . 
it  absorbs  them.  A  trial  ap¬ 
plication  will  convince  you 
that  Cellusuede  is  inexpen¬ 
sive  and  easy  to  apply.  Avail¬ 
able  for  immediate  shipment. 


REGULATED  POWER  SUPPLY 

250-450  VOLTS 

^  \  ^  Wide  fields  of  application  have  been  opened  up  both  in 
f  \  reseEirch  and  industry  for  this  unit,  A-C  ripple  is  negligible 

and  extreme  care  has  been  taken  to  eliminate  high-fre¬ 
quency  noise.  Regulated  power  supply  units  are  invaluable  for 
such  applications  as  amplifiers,  television  pulse  generators, 
constant  frequency  oscillators,  and  measuring  equipment. 

Other  G-E  regulated  power-supplies  are  available  in  the  follow¬ 
ing  ranges:  180-300  voht  160-1500  voHs  Dual  Regulated  J 

Write  today :  Electronics  Department,  Spiecialty  Division,  i 
General  Electric,  Syracuse,  N.  Y.  m 

GENERAL#  ELECTRIC  J 


Bhetronk  M»a$urlng  fmfrunwnts 


PS-1 
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WOLLASTON  PROCESS 
Wire  as  small  as 


1 


(OF  AN  INCH 
100,000  /IN  DIAMETER 


.  .  .  available  In  Flatinum 
and  seme  other  Metals 


.00001"  is  less  than  1/30  the 
diameter  of  the  smallest  wire 
die  commercially  available. 
Yet  eur  Wellaston  Process 
wire  (drawn  in  a  silver  jacket) 
closely  meets  your  specifica¬ 
tions  for  diameter,  resistance 
end  other  characteristics. 


This  organization  specializes 
in  wire  and  ribbon  of  smaller 
than  commercial  sizes  and 
closer  than  commercial  toler- 
OnceS.  Writ*  t*r  U$t  ol  Products. 


SIGMUND  COHN  &  CO. 


44  GOLD  STREET  NEW  YORK  7 


describe  Model  14-12C,  Model  12C 
and  Model  305  (15-in.)  dynamic 
speakers. 


Ingot  Iron.  Advantages  of  ingot 
iron  are  given  in  a  24-page  booklet 
entitled  “ARMCO  Magnetic  Ingot 
Iron  for  D-C  Applications.”  The 
iron  is  described  as  a  dense,  highly 
refined  open-hearth  iron  with  high 
conducting  powers.  The  American 
Rolling  Mill  Co.,  Middletown,  Ohio. 


Headers  and  Sealed  Leads.  Data 
and  specifications  on  E-I  multiple 
headers  and  sealed  leads  are  con¬ 
tained  in  a  6-page  leafiet.  Four 
basic  types  of  hermetically-sealed 
headers  are  described  in  diagram 
form  as  well  as  in  descriptive  data. 
One  page  of  the  leaflet  is  devoted  to 
hermetically-sealed  terminals.  Elec¬ 
trical  Industries,  Inc.,  42  Summer 
Ave.,  Newark  5,  N.  J. 


Nilsson  Electrical  Laboratories. 
Instrument  manufacturing  and 
service  facilities  of  Nilsson  are  de¬ 
scribed  in  a  20-page  booklet  which 
also  illustrates  and  describes  some 
of  the  products  (shunts  and  resis¬ 
tors,  radio  direction  finders,  audio 
amplifiers,  vibration  test  table,  etc) 
which  Nilsson  furnishes.  103  La¬ 
fayette  St.,  New  York  13,  N.  Y. 


High-Vacuum  Pumps.  Improved 
Microvac  pumps  (with  higher  vol¬ 
umetric  efficiencies  and  lower  power 
requirements,  and  greater  simplic¬ 
ity,  than  the  models  they  replace) 
are  described  in  a  4-page  bulletin 
(No.  463)  from  F.  J.  Stokes  Ma¬ 
chine  Co.,  Tabor  Road,  Philadelphia 
20,  Pa. 


Vinson’s  Quarterly  Report.  The 
Director  of  War  Mobilization  and 
Reconversion  has  made  his  Quar¬ 
terly  Report  (dated  July  1,  1945) 
to  the  President,  the  Senate  and 
the  House  of  Representatives.  It 
bears  the  title  of  “The  Road  to 
Tokyo  and  Beyond”  and  is  available 
from  the  Division  of  Public  In¬ 
quiries,  Office  of  War  Information, 
1400  Pennsylvania  Ave.,  N.  W., 
Washington  26,  D.  C. 


Bendix  Radio  Literature.  Loose 
leaf  sheets  issued  by  Bendix  Radio 
Baltimore,  Md.,  include  Bulletin 


With  a  SM  motor,  you  get 
a  unit  designed  for  a  sped* 
fic  job,  engineered  to  yonr 
exact  performance  require¬ 
ments,  precision-built  to 
your  specifications,  produced  in  voluae 
for  your  needs.  SM  fractional  H.P. 
motors  are  made  to  order  with  speeda 
from  3,500  to  20,000  R.P.M.  —  1/lOth 
to  l/200th  H.P.  —  voltage  from  6  to 
220  AC-DC.  Illustrated  is  the  famooi 
SM-2  Blower  Motor;  many  thousand! 
have  been  made  for  military  purposes. 
Other  SM  motors  have  been  designed 
and  produced  in  large  volume  for  i 
wide  variety  of  radio,  aircraft  and  other 
applications  where  rugged  power,  stam¬ 
ina,  long  life  and’ dependable  perform¬ 
ance  were  primary  requisites.  What  sre 
your  requirement!- 


'■"onave 


DEPT.  SO 


Manufactursr*  of  spoeiol  small 

univarsot,  frociional  H.  P.  motors,  dynomofon,  shodsf 

polo  motors,  hootor  motors,  gonorotors. 


Design  •  Engineering  •  Productioj 


i 
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FIHE  APPLUNCES 

deserve  the  best  plugs 

The  continuing  performance 
of  your  product  in  the  con- 


PLUGS 


UCTRIX 

KyO^UpjO^UiilM. 


UNITED  STATES  RUBBER  COMPANY 
Exclusive  Selling  Agents 


SPECIAL  PURPOSE 
Electronic  and  Mechanical 

TEST  EQUIPMENT 

For  aircraft  electrical  and  mechanical  instruments  . .  .  air¬ 
craft  controls,  radar,  meteorological  stations,  and  similar 
devices.  Built  to  specifications  and  designs.  Inquiry 
invited. 


NORTHERN  COMMUNICATIONS  MANUFACTURING  CO. 

210  FAST  TOth  STHKFT  >K\V  YOHK  10.  N.  Y. 

^Iiiiiufdctiirrrs  of  Transformers  •  S[»erial  (.oils  •  Heuclors  •  Soiiml  .Syslrms 
Hfronlors  •  Cqiinllzers  •  Full  Hangr  Photiof;raph  •  Coaxial  Trniismissioti  I.inee 


Preferred 

as  a  source  of  pre- 
cision-made 
WASHERS  and 
STAMPINGS 
manufaefured  t  o 
your  specifications. 


Engineered  and  built  by 


FM  and  AM 

FREQUENCY 

MONITORS 


Direct  reading.  No  charts  or  com¬ 
plicated  calculations  necessary. 
Models  available  for  110  volt  A.C. 
or  battery  operated  portable  use. 
Meet  FCC  requirements. 


DISTORTION 
METER 


Direct  reading  device  which  indi¬ 
cates  as  a  percentage  of  the  funda¬ 
mental  frequency,  the  square  root 
of  the  sum  of  the  squares  of  the 
harmonic  components.  It  is  used 
for  audio  frequency  measurements 
in  any  audio  device  in  the  usual 
range  of  voice  or  musical  notes 
from  1  so  to  1  S,000  cycles. 

•  Utilize  the  many  advantages  of 
these  units  now.  They  are  sturdily 
built,  self-contained,  moderately 
priced.  Remember  .  .  .  equipment 
pioneered  by  DOOLITTLE  years 
ago,  still  serves  efficiently  todayl 

SEND  FOR  FULL  DETAILS 


CUP  WASHERS  specifications, 

for  Binding  Screws 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 


RADIO,  INCa 

7421  SOUTH  LOOMIS  BOULEVARD 
CHICAGO  36,  ILLINOIS 


BUILDERS  OF  PRECISION 
RADIO  EQUIPMENT 
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*  Here's  How  You  Can  Use 
These  "Tools"  To  Build  A 

Better  Job  and  Secure 
Career  In  Radio-Electronics! 


THERE'S  NO  PRIORITY 
ON  A  BETTER  JOB! 


Now  that  the  war  is  over,  it  will  be  the 
“survival  of  the  fittest.”  Employers  will  once 
again  be  “choosey.”  Only  the  best  qualified 
men  will  be  selected  for  the  best  paying  jobs. 

NO  IF  is  the  time  to  take  time  to  prepare 
yourself  for  these  important,  career  jobs  in 
radio-electronics  engineering.  CREI  can 
show  you  the  sure  way,  by  providing  you 
with  the  “tools”  of  knowledge  to  build  a 
firm  foundation  of  practical  ability  based 
on  a  planned  program  of  technical  training 

In  the  CREI  proved  home  study  course, 
you  learn  not  only  how — but  why!  Easy-to- 
read-and-understand  lessons  are  provided  yon 
well  in  advance,  and  each  student  has  his 
personal  instructor  who  corrects,  criticizes 
and  offers  suggestions  on  each  lesson  exam¬ 
ination.  This  is  the  successful  CREI  method 
of  training  for  which  thousands  of  profes¬ 
sional  radiomen  have  enrolled  since  1927. 

Investigate  now  the  CREI  course  best 
suited  to  your  requirements.  Write  for  all 
the  facts  now! 


If  you  hava  had  profoulonal  or 
amateur  radio  experience  and  want 
to  make  more  money— let  ut  prove 
to  you  we  have  lomethlng  you  need 
to  qualify  for  a  better  radio  Job. 
To  help  u«  answer  Intelligently  your 
Inquiry  —  PLEASE  STATE 
BRIEFLY  YOUR  BACKGROUND 
OF  EXPERIENCE.  EDUCATION 
AND  PRESENT  POSITION. 


CAPITOL  RADIO 


ENGINEERING  INSTITUTE 

D«pt.  E-8,  3224  •—  16th  Sfroet,  N.  W. 
WASHINGTON  10,  D.  C. 

Controetors  to  U.  S.  Navy— U.  S.  Coott  Guard 
— CaaadioR  Broadecntlng  Carp.  Produeart  of 
Woll-traliwd  Tachaleal  Radiofflan  for  Industry 

Member:  National  Council  of  Technical  Schools 


No.  SE-110  which  describes  Type 
MS-97  control  desk  for  the  master 
control  position  of  a  radio  com¬ 
munication  station  handling  a 
heavy  volume  of  traffic;  Bulletin 
No.  SE-112  which  describes  Type 
MS-105A  broad  band  dipole  an¬ 
tenna,  especially  suited  to  aeronaut- 
tical  service  operating  in  the  range 
of  108  to  132  me;  and  a  1-page  leaf¬ 
let  on  Type  MT-48X  antenna  strain 
insulator. 


Dial  Light  Sockets.  Catalog  No. 
101  contains  16  pages  of  illustra¬ 
tions  and  some  descriptive  data 
about  dial  light  sockets  for  radio 
receivers  and  transmitters,  test  in¬ 
struments  and  other  electrical 
equipment.  Lenz  Electric  Mfg.  Co., 
1751  N.  Western  Ave.,  Chicago  47, 
Ill. 


Microphone.  Model  BA-301  “Hush- 
atone”  is  a  miniature  speaker  de¬ 
signed  for  under-pillow  use.  A 
loose-leaf  sheet  from  The  Brush 
Development  Co.,  3405  Perkins 
Ave.,  Cleveland  14,  Ohio,  illus¬ 
trates  and  describes  the  micro¬ 
phone. 


Cathode-Ray  Photography.  A  com¬ 
parison  of  the  essential  characteris¬ 
tics  of  P-5  (calcium  tungstate)  and 
P-11  (sulphide)  screens  for  cath¬ 
ode-ray  photography  are  contained 
in  a  1-page  bulletin  from  Allen  B. 
DuMont  Laboratories,  Inc.,  2  Main 
Ave.,  Passaic,  N.  J.  Both  screens 
are  of  the  short  persistence,  blue 
fluorescent  type  and  of  high  photo¬ 
graphic  actinity,  the  main  differ¬ 
ence  being  the  considerably  higher 
photographic  and  visual  efficiency 
of  the  P-11  screen  and  the  shorter 
persistence  of  the  P-5  screen. 


Rotary  Power  Equipment.  Bulle¬ 
tin  No.  445  is  new  and  condensed 
and  describes  various  generators, 
magmotors,  converters  and  dyna- 
motors  manufactured  by  Carter 
Motor  Co.,~1608  Milwaukee  Ave., 
Chicago,  Ill. 


Hermetically-Sealed  Instruments. 
A  4-page  bulletin  illustrates  and 
describes  li,  2i  and  3i-in.  her¬ 
metically  sealed  instruments  for 
panel  flush  mounting.  The  Triplett 
Electrical  Instrument  Co.,  Bluffton, 
Ohio. 


SIMILAR  DESIGN... 

.. .  DIFFERINT  MATERIALS 


HARTFORD  offers  you  a  profi¬ 
ciency  you  con  use  profitably  in 
the  competitive  years  ahead  .  .  . 
metal  or  plastic  component  parts 
from  Rod  or  Tubing  .  .  .  screw 
machine  products  by  design  of 
methods  based  on  expert  engi¬ 
neering  knowledge  .  . .  secondary 
equipment  unusually  diversified 
for  precision  production  of  com¬ 
plete  mechanical  assemblies. 


PLASTICS 

From  Rod  &  Tubing 

★ 


Centerless  Ground 
Machined  •  Borizing  •  Slotted 
Milled  •  Knurled  •  Drilled 
Threaded  •  Tapped 

Metal  Inserts 
•k 

SCREW  MACHINE  PRODUCTS 

\/64"  to  5"  Dia.  All  Metals 


THE  HARTFORD  MACHINE 
SCREW  COMPANY 

HARTFORD,  CONNECTICUT 
Since  1876 
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STAR  Makes  More 

Than  Just  STEATITE 

FindOut  Now  About 

STAR 

CERAMICS 

There  are  many  kinds  ior 
special  uses,  such  os  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  are  more  than 
a  score  of  formulas  in  actual 
production  at  one  time  in  our 
factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts."  It  is  right  to  the  point. 

★ 

Jhe  STAR 

PORCELAIN  CO. 

Electronics  Dept. 

Trenton  9,  N.  J. 


SPECiAliZEO  ENGINEERS 


3225  WEST  ARMITAGE  AVENUE 
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TO  REMEMBER  when 


STflnUIVCK 

R.F.  COILS 

AND  ASSOCIATED  ASSEMBLIES 

THere  is  a  Stanwyck  coil  for  every  appli* 
ution  in  the  Radio  Frequency  Spectrum 
~coils  that  have  met  the  requirements 
of  war  and  which  will  meet  your  require- 
loonts  when  the  war  is  won  .  .  .  Send  for 
folder  describing  our  line  and  facilities. 

STANWYCK  WINDING  CO. 

NEWBURGH  NEW  YORK 


e  Designed  and  engineered  for  individual 
requirements 

*  Oevelaped  by  skilled  technicians 
9  Manufactured  In  a  modern  factory  with  lat¬ 
est  predurtion  techniques  and  methods 

Electronic  Engineering  Co.  is  one  of  the 
leading  manufacturers  of  specialized 
transformers.  With  on  enviable  reputa¬ 
tion  of  solving  transformer  problems 
where  others  have  failed,  the  facilities 
of  this  modern  plant  and  the  talents 
of  o  skilled  engineering  staff  are  avail¬ 
able  to  design,  engineer  and  produce  a 
transformer  best  fitted  for  your  needs. 


CIVINO  LATiST  INFORMATION 


ABOUT 


Copy  with  price  sheet  mailed  on  request. 
Ask  for  BULLETIN  4505. 


/itHenicoA  A  AAA  Ondu^taceil 


F 


DENTAL  MFG.  CO. 


INDUSTRIAL 


DIVISION 


THE  S.  S. 


_  Compare  a 

modern  tewirrg  machine  with  the 
old-time  model  shown  here.  The 
di0erence  is  on  example  of  how 
careful  attention  to  design  brings 
.about  'a  high  level  of  efficiency. 

Reolizinf^  this,  design  is  one  of 
the  most  carefully  considered  fac¬ 
tors'  in  the  production  of  antennas 
dt  THE  WARD  PRODUCTS  COR-' 
PORATION.  It  is  only  through  su¬ 
perior  design  that  the  benefits  of 
experience  and  the  finest  produc- 
tioit'focilities  con  be  best  brought 
to  the  user. 

^  For  the  finest  antennas  for  all 
applications ...  for  home  and  au¬ 
tomobile  use . . .  look  to  WARD. 


ExOOrf  D0Df  ^  ®  BRANDES  Vlijr 

CApori  L/epf.  4900  Euclid  Av.*ftii« 


Conad/on  atlas  radio  corp 

SfaO  Kinrj  Strcf  W 
V.zfmce  Toi-ottto  I  Onl  ,  C4r 


NEW  BOOKS 

Cavity  Resonators 

By  Alfred  Db  Quervain.  Electrische 
Schwingtopfe  und  ihre  Anwendung  in 
der  Ultrakurzwellen-Verstarkertech- 
nik  (Electric  “Pot”  Resonators  and 
their  Application  in  Ultra  Short  Wave 
Amplifiers).  Published  by  A.  G.  Lee- 
mann  &  Co.,  Zurich,  Switzerland, 
19^4.,  86  pages,  Fr.  6.  — ,  RM  3.60. 

This  small  German-language  vol¬ 
ume  is  an  account  of  the  author’s 
work  during  the  past  few  years  on 
the  theory  and  application  of  cer¬ 
tain  forms  of  cavity  resonators  to 
uhf  amplifiers. 

Although  many  variations  are 
covered  in  the  text,  the  fundamen¬ 
tal  form  of  resonator  considered 
consists  of  an  enclosed  coaxial  line 
cavity  with  capacitance  loading  at 
one  end  provided  by  a  large  disc  on 
the  central  conductor,  all  dimen¬ 
sions  being  small  in  comparison 
with  the  resonant  wavelength.  Such 
cavities  are  designated  by  the  au¬ 
thor  as  “pot”  resonators. 

By  treating  these  resonators  as 
consisting  of  lumped  inductance 
and  capacitance,  a  graph  is  shown 
in  which  dissipative  loss  is  plotted 
as  a  function  of  cavity  dimensions 
for  a  series  of  reference  cavities 
constructed  of  copper  and  for  a 
given  frequency  and  inductance. 
Since  the  values  for  unloaded  Q  and 
for  parallel  impedance  are  readily 
obtainable  from  the  dissipative  loss, 
cavities  of  any  desired  characteris¬ 
tics,  within  attainable  limits,  are 
easily  proportioned  by  scaling  the 
dimensions  of  a  suitably  chosen  ref¬ 
erence  cavity  from  the  graph.  Al¬ 
though  the  resonators  discussed 
throughout  the  book  are  for  the 
range  from  150  to  300  Me,  dimen¬ 
sions  may  be  scaled  down  to  the 
microwave  range  or  up  to  the  lower- 
frequency  spectrum.  An  analysis 
of  the  temperature  coefficient  of 
frequency  is  given  and  a  first-order 
method  of  temperature  compensa¬ 
tion  is  derived  which  consists  of 
making  the  central  conductor  of  two 
differing  materials,  having  appro¬ 
priately  selected  lengths  and  tem¬ 
perature  coefficients. 

Taking  into  account  the  well- 
known  limitations  of  conventional 
tubes  9t  these  frequencies,  the  ap¬ 
plication  of  resonators  as  interstage 
coupling  networks  is  thoroughly 
analyzed  and  a  brief  discussion  oi 


UNIVERSITY 

LABORATORIES 


225  VARICK  STREET 
NEW  YORK  1  4,  N.  Y. 


UNIVERSITY  Model  B-6  is  a  directional 
loudspeaker  with  power  handling  ca¬ 
pacity  of  150  watts;  response  of  300 
to  5000  cycies  and  range  of  1  miie 
over  open  country— 2  miles  over  water. 
This  speaker  not  only  may  be  sub¬ 
merged,  but  is  buoyant  in  fresh  or  salt 
water.  Following  such  immersion,  unit 
functions  normally  immediately  after 
drainage  of  sound  channels.  The  dia¬ 
phragm  is  blast-proof— permitting  op¬ 
eration  under  full  battle  conditions. 
The  B-6  incorporates  6  driver  units. 
Each  unit  is  shunted  with  a  special 
reactor.  An  open  unit  coil  causes  the 
reactor  impedance  to  drop  permitting 
continued  functioning  of  the  associ¬ 
ated  series  connected  driver  bank  with 
only  slight  reduction  in  output  volume. 
A  collapsible  tripod  is  availablp  for 
mounting  this  loud  speaker. 

Write  today  for  information  on  this  all- 
inclusive  UNIVERSITY  line  of  electro¬ 
acoustic  reproducers. 


POWER 

SPEAKERS 
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RAWSOH 

MULTIMETERS 


TypM  SOI  A,  SOIB,  50IC 
Accuracy  '/a  of  1% 

Raadingi  Irom  2  microomperes  to  1 
ampere  on  5  rcmges.  ond  20  microTolts 
to  1000  volts  on  9  ranges. 

The  word  MULTIMETER  is  our  copy¬ 
righted  trade  mark. 

Write  tor  bulletins 

We  can  also  supply 
Single  range  meters  and  other  combina¬ 
tions  oi  ranges 

THERMAL  MULTIMETERS  ior  A.  C. 
ELECTROSTATIC  VOLTMETERS 
FLUXMETERS 

Special  apparatus  built  to  order 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMBRIDGE,  MASS. 
Representatives 

CHICAGO  NEW  YORK  CITY 


We're  still  up  to  our  ears 
in  critical  war  work  but 
when  the  war's  won  we 
will  again  be  ready 

.  Jo  DESIGN,  DEVELOP 
and  MANUFACTURE  . . 

Radio  Reteivers  and  Tronsmifters 
Industrial  Electronic  Equipment 

I  Airport  Radio  Control  Equipment 
Marine  Radio  Telephone  Equipment 

■ 


til  mill 


II 

CORPORAflON 
ISLIP,  L.  I.,  NtV>  YORK 


Hie 


wliiiifcj!i 


FOR  YOUR  COPY  OF  THE  NEW 

PEERLESS  TRANSFORMER  CATALOG 

Contains  latest  information  and  prices  on  the  complete 
line  of  Peerless  transformers,  windings  and  reactors. 


PEERIESS 

ELECTRICAL  PRODUCTS  CO. 


6920  McKinley  Avenue,  Los  Angeles  1,  California 


ENGINEERS 

FOR  DESIGN  WORK  ON  RADIO 
RECEIVERS,  AUDIO  AMPLIFIERS, 
TELEVISION 


Men  with  substantial  experience  wanted,  preferably  those  hav¬ 
ing  Degrees  in  Electrical  or  Communications  Engineering.  Write, 
giving  details  oi  experience  cmd  salary  expected,  to: 

FREED  RADIO  CORPORATION 

Makers  of  the  Famous  Freed-Eisemann  Radio-Phonograph 


200  Hudson  Street 


NEW  YORK  13,  N.  Y. 
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equals  a  sinqle  piece 
in  all  essential 
properties  .  .  . 


This  brass  Distributor  Shield  used  in 
army  tanks,  is  as  strong,  as  water-tight 
and  as  able  to  withstand  severe  stresses 
and  strains  as  a  single  piece  of  metal ... 
For  EASY-FLO,  the  low-temperature  sil¬ 
ver  brazing  alloy,  consistently  makes 
joints  equal  to  solid  metal  in  all  essential 
properties— and  does  it  fast  and  at  low 
cost  .  .  .  That's  why  today,  EASY-FLO 
brazed  construction  is  an  accepted  and 
widely  used  production  method  — and 
why  hundreds  of  parts  formerly  cast, 
forged,  machined  from  the  solid, 
threaded,  riveted  and  bolted  have  been 
redesigned  to  get  the  savings  in  metal, 
man-hours  and  machine-hours  inherent 
in  EASY-FLO  brazed  construction. 

GET  EASY-FLO  FACTS  ^  NOW 

and  learn  how  easy  it  is  to  put  EASY- 
FLO  brazing  to  work  speeding  up  and 
cutting  costs  in  your  metal  joining. 

BULLETIN  12-A  gives  all 
details.  Write  for  a  copy- 
today. 


H /\M)Y  X  HARIVIAM 

82  fUlTON  ST.,  NtW  YORK  7,  N.  Y. 

Conn  •  ChiYogo.  Ml  •  lo<  Co’ 

Agents  in  Prir^ipal  Cities 


coupling  to  generators  and  loads 
(receiving  and  transmitting  an¬ 
tennas)  is  included. 

Band-pass  filters  as  interstage 
coupling  networks,  both  theoreti¬ 
cally  and  as  applied  to  pot  reson¬ 
ators,  are  treated  in  some  detail. 
The  capacitance-coupled  band-pass 
filter  is  achieved  by  placing  the 
resonators  together  with  a  common 
end-wall.  The  end-wall  is  pierced 
by  an  aperture  permitting  direct 
capacitance  coupling  between  the 
two  end-loading  discs  of  the  reson¬ 
ators.  From  measurements  on  an 
enlarged  model,  data  is  given  in  the 
form  of  a  graph  from  which  the 
coupling  capacitance  can  be  directly 
determined.  Inductive  coupling  be¬ 
tween  the  band-pass  elements  is  ob¬ 
tained  by  employing  as  the  common 
end-wall  the  short-circuiting  sec¬ 
tions  of  the  resonators  and  provid¬ 
ing  the  end-wall  with  apertures. 
Experimental  data  is  given  as  an 
aid  in  determining  the  inductive 
coupling.  This  form  of  coupled  res¬ 
onator  construction  lends  itself  to 
a  clean-cut  mechanical  layout  since 
the  tubes  can  be  mounted  between 
resonator  pairs. 

An  adjustable  magnetically  cou¬ 
pled  resonator  pair  is  described  in 
which  a  rotating  element  permits 
adjustment  of  the  coupling  aper¬ 
tures.  Variations  of  resonators  em¬ 
ployed  as  four-terminal  matching 
networks  are  briefly  discussed. 

The  remainder  of  the  book  is  de¬ 
voted  to  a  discussion  of  measure¬ 
ment  apparatus  and  data  together 
with  a  discussion  of  results.  Data 
are  given  on  Q  measurement,  ca¬ 
pacitance  and  inductively  coupled 
filters  and  including  some  informa¬ 
tion  on  the  measurement  of  metal¬ 
lized  resistors.  It  seems  quite  likely 
that  the  application  of  such  reso¬ 
nators  to  the  precision  measure¬ 
ment  of  resistance  and  of  the  di- 
electric  properties  of  materials  in 
the  uhf  region  will  assume  consid¬ 
erable  importance. 

Finally,  a  two-stage  pentode  am¬ 
plifier  utilizing  a  band-pass  filter 
consisting  of  three  inductively  cou¬ 
pled  resonator  sections  is  discussed 
in  detail.  Mechanical  design  is 
shown  and  performance  character¬ 
istics  are  given  which  satisfactorily 
confirm  the  theoretical  treatment 
presented  in  the  text.  A  bibliog¬ 
raphy  of  both  American  and  con¬ 
tinental  sources  covers  the  field. 

Written  entirely  from  the 


I 


Unlimited  coding 
plus  maximum 
insulation  resistance 

Spiralon,  a  new  Surco  plastic  in¬ 
sulated  wire,  spiral  striped,  offers  the 
widest  range  of  tracer  code  identifica¬ 
tion  in  small  as  well  as  large  sizes  of 
wire,  in  short  as  well  as  long  lengths. 
By  avoiding  use  of  color  pigments,  the 
primary  covering  retains  full  insula¬ 
tion  resistance. 

With  Nylon  Jacket 

Spiralon  reduces  weight,  permits  a 
smaller  OD.,  increases  fungi  and  abra¬ 
sion  resistance,  allows  increased  volt¬ 
age,  improves  all  electrical  properties, 
eliminates  all  voids  in  the  covering 
which  ordinarily  weaken  such  proper-, 
ties,  resists  creepage  when  terminals 
are  being  soldered  or  injury  to  wire 
insulation  when  accidentally  touched  by 
a  hot  soldering  iron  in  production  and 
overcomes  deterioration  from  age.  This 
high  heat,  low  temperature  non  inflam¬ 
mable  nylon  jacket  has  already  proved 
to  be  ideal  for  many  applications. 

A  complete  presentation  on  Spiralon 
is  on  the  press.  Please  ask  for  your 
copy. 

Address  Dept.  C 


84  Purchase  St.,  Boston  10,  Mass. 
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^^Columhia!*'* 
in  a  reliable  ttouree 


Immediafe  Delivery 
LARGEST  STOCK  OF 

INSULATED 
ELECTRICAL  WIRE 

No.  22  gauge  to  No.  12  gauge 


i:oRn  SKTS 

ready-to-attaeh 
aNNemblieH 

3fulti-concluctor  (^orclb 
and  Tables 

Write  tor  VAreular  No.  HA 


iCOLUMBIA  WIRE&SUPPLY  CO. 

4110  N.  PULASKI  ROAD 
CHICAGO  41,  IlLINOIS 


lONES  500  SERIES 
PLUGS  and  SOCKETS 

(Heavy  Duty) 

Designed  for  5000 
Volts  and  25  am¬ 
peres  per  con¬ 
tact.  Socket  Con¬ 
tacts  of  phosphor 
bronxe,  knife- 
switch  type,  sil¬ 
ver  plated.  Plug 
Contacts  are  of 
hard  brass,  sil¬ 
ver  plated.  Made 
P-506-CE  In  2,  4.  6,  8.  10 

‘  and  12  Contacts. 

All  Plugs  and 
Sockets  are  Po¬ 
larised.  Long 
leakage'  path 
from  Terminal 
to  Terminal 
and  Terminal  to 
,  ground.  Caps 

1  S-506-DB  tind  Brackets 


S-506-DB 


ne  of  steel,  parkerised.  Plug  and  Socket 
blocks  interchangeable  in  Caps  and 
Brackets.  This  series  is  designed  for  heavy 
duty  electrical  work  and  will  withstand 
severest  type  of  service. 

Write  for  Bulletin  No.  500  describing  this 
Une  of  Heavy  Duty  Plugs  and  Sockets. 


•Hnmourk  D  innr-c  /^nmnonii 


AN  3155 

POWER 

RHEOSTAT 


AN  3155-50-50  WATT 


AN  3155-25-25  WATT 


Totally  enclosed  in  accordance  with  Army-Navy  specifications  (AN-R-14A). 

Permanently  sealed  in  dust-proof,  corrosion-proof  metal  cases. 

Smooth  control,  rugged  and  thoroughly  dependable  under  the  most 
severe  service  conditions— shock,  vibration,  humidity,  heat,  cold,  and  alti¬ 
tude. 

Hardwick,  Hindle  is  proud  of  the  excellent  performance  of  these  power 
rheostats  on  thousands  of  planes  flying  in  every  theatre  of  war  under  all 
climatic  conditions.  And  they  will  prove  to  be  invaluable  in  innumerable 
post-war  applications. 

Let  us  send  you  technical  data  and  detailed  information  on  these  and 
many  other  rheostats  and  resistors  with  H-H  exclusive  features. 

Write  today  for  our  new  catalogue. 

(Qi  HARDWICK,  HINDLE,  INC. 

VQ/  RHEOSTATS  and  RESISTORS 

SUBSIDIARY  OF 

THE  NATIONAL  LOCK  WASHER  COMPANY 

ESTABLISHED  1S86 

Newark  5,  N.  J.,  U.  S.  A. 
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Standard  Relays 

M  any  jobs  can  be  done  easier  and 
better  with  Potter  &  Brumfield  Standard 
Relays.  Built  in  a  wide  range  of  simplified 
designs  and  sizes,  these  relays  give  you 
maximum  dependability,  longer  life  and 
precise  performance  under  most  exacting 
conditions  ...  at  lower  cost. 

Available  Standard  Types  include 
Power  —  Shock  Proof  —  Plate  Circuit  — 
Sensitive  —  Latch  —  Multiple  Leaf  — 
Electrical  Reset  Latch  —  Aircraft  and 
Telephone  types.  Complete  range  of 
coil  voltages,  either  AC  or  DC. 
Conveniently  mounted,  varied  contact 
arrangements.  IF  A  STANDARD  RELAY 
WILL  DO  THE  JOB,  THAT’S  THE  ONE 
TO  BUY. 


i^^lTrunii  lelcl 


Mfq  Co  .  Inf 


Ask  for  catalog  giving  full 
specifications  on  all  types 


YOU  FEEL  THE  SNAP  ACTION  AND  HEAR 
A  DISTINCT  "CUCK"  WHEN  THE  GRAYHILL  SNAP 
ACTION  SWITCH  OPERATES.  IT'S  A  SMALL  MOMENTARY 
PUSH-BUTTON,  SINGLE-POLE,  SINGLE-THROW  SWITCH 
AVAILABLE  NORMALLY  OPEN  OR  NORMALLY  CLOSED. 
FURNISHED  WITH  EITHER  STEEL  ACTUATING  PIN 
OR  BAKEUTE  PUSH-BUTTON.  BODY 
DIAMETER  IS  V%\ 


5  N.  Pulaski  Rd..  Chicago  24,  III. 


form  production 


PRCOUCTION 


Modern,  automatic  p 
tion  assures  high  speed 


BBOLDITE  CAPABILITIES  —  •nginacring  and 

production  —  oro  intogrotod  to  moot  your  Iron  coro  ro- 
quiromontt  with  spood,  procition  and  oconomy.  Any  siio 
run  and  tho  most  critical  spociiications  can  bo  officiontly 
handlod  with  product  uniformity  asturod  throughout. 
Furthor,  tho  capablo  MOLDITE  onginooring  staff  offors 
oxporioncod  guidance  in  mooting  prosont  and  post-war 
Iron  coro  roquiromonts  for  any  sizo  coil  or  transformer. 
WfHt  for  Moldito  Engineering  Bullolin  100  .  .  , 


NATIONAL  MOLDITE  COMPANY 

25  MONTGOMERY  STREET,  HILLSIDE  5,  NEW  JERSEY 


TOLERANCES: 


MOlDlTi 

iron  eoRSS 


HIGHER  Q 


New  formulae  moke  possible 
higher  Q  ot  all  frequencies. 


PERMEABILITY 


Accurate  powder  control  re¬ 
sults  in  uniform  density  and 
higher  permeability. 


FREQUENCIES: 


lumped-parameter  circuit  theory 
point  of  view,  the  material  in  the 
book  is  clearly  presented  and  it 
should  prove  of  interest  to  engi¬ 
neers  designing  equipment  and  to 
those  engaged  in  measurements  in 
this  general,  frequency  range. — 
H.H. 


Television  Programming  and 
Production 

By  RICHARD  HUBBELL.  Pvh- 
lished  by  Murray  Hill  Publications, 
Inc.,  New  York,  19^5,  207  pages, 
$3.00. 

Television  has  long  needed  an 
evaluated  summary  of  its  program¬ 
ming  experiments.  Within  limits 
this  book  fills  that  need.  Unfor¬ 
tunately,  the  title  promises  more 
than  the  text  gives.  It  deals  with 
production  methods  (excepting  re¬ 
mote  pickups),  but  fails  to  dis¬ 
cuss  types  of  programs,  a  study 
important  because  successful  tele¬ 
vising  of  some  subjects  will  require 
equipment  (and  studios)  not  yet 
designed. 

By  way  of  introduction  to  a  the¬ 
ory  of  video  technique,  television 
is  compared  with  allied  arts.  The 
notes  on  video  broadcasting  vs.  the 
theater  or  the  motion  picture  are 
a  scrambled  rehash  of  social,  eco¬ 
nomic,  and  artistic  aspects  of 
drama  and  film,  contributing  no 
new  conclusions  toward  the  devel¬ 
opment  of  a  television  art.  When 
discussing  radio  and  television, 
the  author  is  more  at  home.  Part 
Five:  “The  Audio”  is  likewise  pro¬ 
vocative. 

The  kernel  of  the  production 
recommended  is  an  appeal  for 
greater  camera  mobility  patterned 
after  current  motion  picture  equip¬ 
ment.  “Since  television  can  not 
equal  the  tempo  of  film  cutting  but 
can  exceed  the  mobility  of  the  mo¬ 
tion-picture  camera,  it  seems  that 
a  promising  field  of  development  is 
to  be  found  in  this  characteristic.” 

The  reviewer  can  not  agree  with 
this  basic  assumption.  Television 
can  match  the  rhythm  patterns  of 
film  technique  providing  improve¬ 
ments  are  made  in  camera  design— 
smaller  size,  less  weight,  greater 
sensitivity — so  that  greater  num¬ 
bers  can  be  employed.  Greater 
camera  mobility  seems  to  be  an 
undesirable  path  for  television  to 
follow  because  it  would  increase 
the  complexity"  of  production, 
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m0, 


{]f0mpany 

1375  NORTH  BRANCH  STRUT  •  CHICAGO  33,  lUINOIS 


\^!M/ASHeRS  do  COU/t>vt  UH  iJxQ. 


MAKE  SURE  WITH 

Quadriga  Quality  WASHERS 

Whatever  your  requirementa,  standard  or  special.  Quadriga  u 
equipped  to  produce  to  exact  specifications.  Any  quantity,  small  oi 
large.  Prompt  delivery.  Flat,  Tension  and  Spring.  Formed  and 
1  Drawn,  Cupped  and  Finishing,  etc.  Wire  ter- 
y  minals.  Also  SMALL  STAMPINGS,  any  de- 
‘\  sign. 

\  Send  for  Quadriga  Catalog 

\  Illustrations  and  ongineering  data.  Submit  Spo- 
\  citications  without  obligation.  Wire  or  writ* 


THE  QUADRIGA  MANUFACTURING  CO. 

Inc.  1894  Hdlf  Cvntury'  22]A  W,  Grand  Ave.,  Chicago  10.  III. 


fiflSES)  hydrogen 

- ^  NITROGEN-OXYGEN 


ARGON ■ NEON 
HELIUM  KRYPTON 
XENON 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 

HIGHEST  QUALITIES  •  ANT  QUANTITT 
DELIVERED  ANYWHERE 


Here  it  is  ..  .  The 
New  5th  EDITION 

OF 

PRINCIPLES 
OF  RADIO 

By  KEITH  HENNEY 

Editor,  Electronics 


RAOlO 


INCLUDES  NEW  ^ 

MATERIAL  ON;  ^  5^ 

Wavs  guidss  •  *  '  '  'JJJ 

valocity  modula-  .  ”” 

tion  tubsi  •  fra-  « 
quency  modula¬ 
tion,  Klytfroni  • 
ultra-high  fraquancy 
tachniquas  and  appa¬ 
ratus*  maasuring  in- 
strumants  •  magnatic 
circuits  •  ADDITION¬ 
AL  DATA  ON  Kirsch- 
hott's  laws  •  powai  _ 

factor  •  tiltar  circuits  • 
ditfarentiating  and  intagrating  circuits  • 
pulsas  *  transiants  •  squara  wavas  •  vol- 
taga  and  currant  ragulator  tubas  •  tiltar 
dasign  tor  powar  supply  •  tuning  indica¬ 
tors  *  horn  radiators  *  quartar-  and  halt- 
wava  transmission  linas  *  magnatrons  * 
vacuum  tuba  voltmatars  •  cathoda  ray 
oscillographs. 


So  popular  has  this  book  become  that  it 
has  now  gone  into  its  FIFTH  EDITION. 
This  well-known  text  book  is  designed 
for  those  with  or  without  technical  train¬ 
ing  in  radio  who  want  a  working  knowl¬ 
edge  of  the  basis  upon  which  radio 
communications  exist.  In  simple,  non¬ 
technical  language,  "Henney”  starts 
with  the  fundamental  principles  of  elec¬ 
tricity,  and  gradually  develops  the  sub¬ 
ject  of  radio  practice.  Practical  applica¬ 
tions  of  theories  are  simplified  by  the 
specific  examples,  experiments,  and  prob¬ 
lems,  together  with  drawings,  diagrams 
and  photographs  of  actual  apparatus. 

1945  534  Pages  Illustrated  $3.50 

JOHN  WILEY  &  SONS,  Inc. 

440  Penrfh  Av«..  N«w  York  U,  N.  Y. 


ON  APPROVAL  COUPON 

JOHN  WILEY  A  SONS,  INC. 

440  Fourth  Av«.,  N«w  York  14,  N.  Y. 

Pleue  lend  on  ten  days'  approval  a  copy  of 
Kenney's  PBIMCIPLES  OF  RADIO.  At  the 
end  of  that  time,  if  1  decide  to  keep  the  book. 
I  will  remit  $3.50  plus  postage;  otherwise  I 
will  return  the  book  postpaid. 


City  and  State. 
Employed  by... 
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4UMIER  FOUR  OF  A  SERIES 


SELENIUM  CORPORATION 
of  AMERICA 


1719  WEST  PICO  BOULEVARD 
lOS  ANGELES  15,  CALIFORNIA 


lum  Control  in  iap- 
pfession  of  inductive 
arcs.  By  proper  selection 
of  rectifier  size,  release 
timing  of  the  inductive 
mechanism  is  positively 
controlled  by  the  same 
unit  which  suppresses 
the  arc.  In  relay  applica* 
tions  where  space  is  at  a 
premium,  the  high  volt* 
age  characteristics  of  the 
Selenium  plate 
again  prove  DC  means 
SC . . .  Selenium  Control. 
If  you  use  DC  . . .  get  the 
facts  on  SC! 


SEND  FOR 
BULLETIN 


physically  and  in  staff  require-  j 
ments,  and  further  subdivide  the 
responsibilities  for  program  coor¬ 
dination  which,  even  under  pres¬ 
ent  techniques,  make  too  great  a 
margin  for  error. 

Readers  fresh  to  television  pro¬ 
duction  will  find  much  information 
in  this  initial  study  of  the  sub¬ 
ject,  It  will  be  interesting,  liow- 
ever,  to  receive  reports  from  other 
experimenters  in  this  field. — v.m.b. 

•  •  • 

Electrical  Drafting 

D.  Walter  Van  Gieson.  McGraw- 
Hill  Book  Co.,  New  York  18,  N.  Y., 
HO  payee,  $1.50. 

Knowledge  of  wiring  plans  and 
the  methods  of  their  development  is 
a  valuable  asset  to  the  engineer  or 
draftsman  entering  the  electrical 
profession.  Yet  the  technique  of 
this  special  field  of  drafting  has  re¬ 
ceived  slight  attention  in  the  con¬ 
ventional  teaching  of  drafting.  To 
fill  this  void  and  to  acquaint  the 
student  with  the  procedure  fol¬ 
lowed  in  the  preparation  of  wiring 
and  circuit  drawings,  the  author 
has  assembled  typical  examples  of 
electrical  installation  drawings 
which  are  used  in  many  fields. 

This  is  not  a  book  dealing  with 
the  use  of  drafting  instruments; 
the  author  assumes  that  the  student 
has  had  previous  training  in  that 
manual  art.  This  pioneering  vol¬ 
ume  explores  and  discusses,  through 
•  the  analysis  of  practical  problems, 
the  special  drafting  technique  used 
in  the  preparation  of  electric  cir¬ 
cuit  diagrams  and  wiring  plans.  At 
first  glance,  because  of  the  short 
chapters,  it  might  appear  that  the 
treatment  is  too  brief.  But,  con¬ 
sidered  from  the  standpoint  of  an 
overall  coverage  of  fundamentals 
and  practical  procedure,  the  text  is 
adequate  as  a  basis  for  an  excellent 
course  in  the  subject. 

Much  theory  is  included  in  the 
presentation  of  the  several  divi¬ 
sions  of  the  electrical  equipment 
and  installation  field.  Following  a 
discussion  of  symbols,  schematic 
sketches  and  finished  circuit  draw¬ 
ings,  the  author  interprets  wiring 
diagrams  as  used  for  many  pur¬ 
poses. 

Circuit  and  wiring  plans  are  il¬ 
lustrated  and  analyzed  fOr  lighting, 
railway  signals,  communication, 
radio,  television,  power  installa¬ 
tions,  switchboards,  automobiles. 


410 


Sepfember  1945  —  ELECTRONICS 


^„d  W ' 


s  write*. 

Electric, 


Vtf HAT'S  YOUR 
standard  .  .  • 

PUBLICITY 

OR 

performance 


Do  you  measure  the  worth  of  elec¬ 
tronic  equipment  by  a  company's  ad- 
Tsrtising  program  only?  ...  Do  you 
occept  the  claims  of  "war  babies" 
who  speak  loudly  now?  .  .  . 

CHOOSE  sources  of  supply  haring  a 
background  of  proren  performance — 
companies  founded  long  before  the  war, 
which  will  continue  to  serve  long  after 
the  war.  Such  firms  are  represented  in 
New  England  by  the  HENRY  P:  SEGEL 
CO.,  Field  Engineers  and  Manufacturers' 
Representatives,  now  in  their  21st  year 
of  serving  manufacturers,  distributors, 
schools  and  laboratories  in  New  England. 
By  every  standard  of  performance  and 
quality,  you  can  count  on  the  HENRY  P. 
SEGEL  CO.  and  firms  they  represent  to 
deliver  the  best — in  components,  equip¬ 
ment  and  service! 

HENRY  P.  SEGEL  COMPANY 

Radio  —  Electronic  —  Eloctrieal 
Mamifocfurert'  Representatives 
Field  Engineers 

143  NEWBURY  STREET 
BOSTON  16,  MASS. 

Tels.  KENmore  3012-6333-9755 
In  HARTFORD:  Tel.  2-9859 


ENGINEERS 


LABORATORY  ASSISTANTS 

Experienced  in  any  of  the  following 

U  H  F.  FREQUENCY  MODULATION 
television,  or  COMMUNICATION 

RECEIVERS 

We  offer  a  unique  opportunity 
'*iHi  unlimited  possibilities  in  the 
fields  of  Laboratory  and  Produc¬ 
tion  Testing,  Navigation,  Direction 
finding  and  Communications. 

Excellent  working  conditions  with 
Profit  sharing  and  pension  plan. 

Write  or  Call 

PERSONNEL  DEPARTMENT 

hlORAMIC  RADIO  CORPORATION 

242-250  West  55th  Street 
New  York  19.  New  York 
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SAwi  —  '-‘TfCoUHt, 


it’s  ‘Shur’  to  rompleto  vour  iiirr- 
rhandiMiiiK  program  ...  to  rom- 
plelr  your  sales  story  ...  to  help 
your  fraiiehise  family  SELL!  It’s 
the  OINLY  versatile  Antenna  Mount 
now  available  whose  unique  con¬ 
struction  enables  it  to  support 
standard  FM  and  Television  An¬ 
tennae  anywhere  —  anehorine 
‘SHUR-LY’  ON  ANY  ANCLE  ANY 
PLACE  on  any  house!  Available 
and  ready  now  for  a  limited  num¬ 
ber  of  manufacturers.  Complete 
your  aerial  kit  with  a  SHUR  AN¬ 
TENNA  MOUNT! 


Write-Wire-Phone  for  details. 


NEW  YORK  CITY 
Cooper-Diblasi 
259  W.  14th  St. 
W Atkins  9-3920 


Sea  Cliff,  Long  Island 
New  York,  U.  S.  A. 


CHICAGO 
G.  G.  Ryan 
549  Washington  Blvd. 
State  7665 


•  instrument 
housings 

•  panels 

•  CHASSIS 

•  METAL  AND 
plastic 

SPECIALTIES 


SCRIW  MACHIMI  PAMS  AMO  STAMPINGS 

(.bdciio" 


1 


STAMFORD  METAl  SPECIALTY  CO.,  428  BROADWAY,  N.  Y.  13 

THetal  'DmcM/Moh 


\ 


STOP  VIBRATIOT4 
GREMLINS  WITH 

BiRTCHER 

STAINIESS  illfl  -  lOCkINC  TYPE 

TUBE 

CLAMPS 


Wh«r«  vibration  it  a  problem, 
Birtchor  Locking  TUBE  CLAMPS  ofFer 
a  foolproof,  practical  solution.  For 
ALL  typos  of  tubes  and  similar  plug¬ 
in  components. 

83  VARIATIONS 


OVER  TWO  MILLION  IN  USE 
Send  for  our  standard  catalog  and 

samples  of  corrosion-proof  Birtcher 
Tube  Clamps. 


THE  BIRTCHER  CORPORATION 

Manufacturers  of  A'RCRAFT 
and  RADIO  PARTS 
5C37  HUNTINGTON  DR.  LOS  ANGELES  32 


ships,  aircraft,  traffic  signals,  ani¬ 
mated  sign  lighting,  neon  and  flu¬ 
orescent  lighting.  Included  also  are 
plans  for  locating  equipment  and 
conduit.  Eight  pages  of  useful  ta¬ 
bles  and  data  are  appended. — J.K. 

•  •  • 

Controllers  for 

Electric  Motors 

By  Henry  D.  James  and  Louis  E. 
Markle.  McGraw-Hill  Book  Co.,  New 
York  18,  N.  Y.,  32A  pages,  $3.50. 

This  is  a  practical,  down-to-earth 
book  that  covers  the  entire  field  of 
electric-motor  control  for  technical 
students,  operating  engineers,  and 
users  of  controllers.  It  starts  off 
with  a  basic  discussion  of  the  func¬ 
tion  and  types  of  control  and  how 
to  make  and  read  controller  dia¬ 
grams,  then  leads  into  detailed  dis¬ 
cussions  of  various  methods  of  con¬ 
trol  and  the  equipment  by  which 
this  control  is  achieved.  The  con¬ 
struction,  performance,  operation 
and  maintenance  of  such  control 
devices  and  accessories  as  magnetic 
contactors,  electropneumatic  con¬ 
trollers,  resistors,  manual  control¬ 
lers,  overload  relays,  Regulex,  Ro- 
totrol,  and  Amplidyne  (consistently 
misspelled  as  Ampledyne  through¬ 
out  the  book)  are  covered.  A  sep¬ 
arate  but  unfortunately  brief  chap¬ 
ter  is  devoted  to  electronic  control 
of  motors. — K.S.P.  . 

•  •  • 

Automatic  Telephone 
Practice  O' 

Harry  E.  Hershey.  Technical  Publi¬ 
cations,  Whitewater,  Kansas.  Advance 
printing  of  Part  C — Circuit  Kinks — 
from  Fifth  Edition,  19^5,  2U  pages, 
$1.00. 

This  new  contribution  to  the 
literature  on  Strowger  automatic 
equipment  deals  with  the  elements 
used  and  their  arrangement  in 
searching  circuits.  It  describes 
fundamental  circuit  devices  that 
will  assist  the  novice  in  learning 
to  “read  circuits,”  and  provides  a 
reference  source  of  ideas  for  the 
experienced  circuit  designer. 

Each  of  the  numerous  circuit 
kinks  presented  covers  one  feature 
only.  About  forty  circuits  are  dis¬ 
cussed  and  illustrated  with  dia¬ 
grammatic  line  drawings.  They 
include:  Stepping  switch  circuits 
for  searching  for  absence  of 
ground,  battery  searching,  and 
searching  for  ground;  “all-relay” 


Your  Copy 


of  our  new 
ond  latest 


PROMPT  DEIIVIRY 

All  styles  of 

BIRTCHER  TUBE 
CLAMPS 


Genuine  Birtcher, 
Locking-style  Tube  Clamps, 
manufactured  from  type  302 
Stainless  Steel,  have  proven 
their  worth  in  over  THREE 
MILLION  APPLICATIONS. 

Let  us  assist  you  with 
your  clamping  problems.  Our 
experienced  engineers  are  at 
your  service. 

Writs,  W/rs  or  Phons  for 
spoody  Courtoous  SsrWet. 


lieCNStO  MtNtFACtlll* 

Of  IIOTCNEI  I  »  II  tUSjL 


THE  GEORGE  $.TH0MPGII 


•CORPORATION 


5240  HUNTINGTON.  DR. 
LOS  ANGELES  32,  CALIF. 
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'  In  any  soldering  job  where  Glaser  prod- 
\y  nets  are  used  you  get  a  positive  and 

permanent  bond.  Glaser  Solder  Products 
never  “Let  you  down.” 

Glaser  Solders  must  do  their  work  right  be¬ 
cause  they’re  made. of  finest  Grade  A  Virgin 
metals  under  expert  metallurgical  control. 

Glaser  Solders  of  every  gauge  and  alloy,  with 
Glaser  Plastic  Rosin  Flux,  are  made  in  the  correct 
proportion  of  flux  core  to  suit  each  specific  use. 
For  the  most  delicate  electrical  equipment,  Glaser 
Plastic  Rosin  Core  Solders  are  your  guarantee  of 
perfect  performance  under  severest  weather  and 
service  conditions. 

Glaser  Plastic  Rosin  Core  Solders  are  widely 
.  _ — used  in  the  manufacture  of  fine  electronic  and 
ft  radio  equipment  for  the  Signal  Corps  and  other 

branches  of  the  military  service.  Sliver  Brazing 
Wire  of  every  diameter  to  meet  all  U.  S.  Govt. 
flSWm  specifications.  Silver  Brazing  Flux.  Tinning  Com- 

■  pounds  and  Fluxes  for  every  purpose. 

Consult  our  Engineering  Department  on  your  tolderlng 
and  flux  problems  without  obligation. 

”  GLASER  LEAD  CO..  Inc.,  31  Wyckoff  Ave.,  Brooklyn  27,  N.Y. 


OUR  23rd  YEAR  OF  DEPENDABLE  SERVICE  TO  AMERICAN  INDUSTRIES 


PERMANENT  MAGNETS 

All  Shapes— All  Sizes— for  All  Purposes 

COBALT-CHROME-TUNGSTEN 

Stamped,  formed  and  cast 

A  I  M  M  A  I  Cost  or  Sintmrmd  \ 

I  n  I  C  O  \vndar  6.  E.  L/conto/ 

Also:  Laminations  for  Radio  Transformers 

TOOLS-DIES-STAMPINGS 

Hoot  Trootlng  of  Molols  and  Alleyn 

ruOMAS  A  SKIMMER 

1116  EAST  23RD  STREET  e  INDIANAPOLIS  5,  INDIANA 


1116  EAST  23RD  STREET 


- NOW - 

a  really  high-powered 


TTrOT* 


Note: 

The  Library  comprises 
a  selection  of  books 
culled  from  leading 
McGraw  -  Hill  publica¬ 
tions  in  the  radio 
field. 


aspeclally  selected  by  radio  specialists  of 
'  McGraw-Hill  publications 

to  sive  most  complete,  dependable  cov- 
’  erase  of  facts  needed  by  all  whose  fields 
are  irounded  on  radio  fundamentals 

’  available  at  n  special  price  and  terms 


These  books  cover  circuit  phenomena,  tubs 
theory,  networks,  measurements,  and  other 
subjects — give  specialized  treatments  of  all 
fields  of  practical  design  and  application.  They 
are  books  of  recognized  position  In  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  In  any  field  based  on  radio, 
you  want  these  books  for  tbs  help  they  give  in 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 

5  volumes,  3559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 
Hund’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney's  RADIO  ENGINEERING  HAND 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  less  than  cost 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  in  easy  install¬ 
ments  beginning  with  13.00  in  10  days  after 
receipt  of  books  and  $3.00  monthly  thereafter. 
Already  these  books  are  recognized  as  standard 
works  that  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 

FOR  10  DAYS-  EXAMINATION  SEND  THIS 
—  ON-APPROVAL  COUPON 


McGraw-Hill  Book  Co.,  330  W.  42nd  St.,  N.Y.C.  18 
Send  mo  Badlo  Engineering  Library  for  10  days* 
examination  on  approval.  In  10  days  I  will  send 
$3.00  plus  few  oenu  postsga  and  $3.00  monthly 
till  $24  Is  paid,  or  return  books  postpaid.  (We 
pay  postage  on  orders  accompanied  by  remittance 
of  first  Installment.) 


City  and  State 


.L.  9-49  [ 


^^^CTRONICS —  Sep/emior  1945 


413 


;4^iK0U*tcc^ 


NEW  DUAL-GUN 
CATHODE-RAY  TUBE 


FEATURING 

S«parat*  Guns 
(Non-magnetic  tetrod*  type) 

High  Intensity 
High  and  Low  Frequency 
Independent  Traces  &  Sweeps 
No  Inter-action  Between  Deflection  Plates 
Direct  Comparison 
(No  electronic  switch) 

Internal  Shield 
No  Cross-talk 
Rugged  Construction 

TUBE  TYPES 

3  Gun  5"  2  Gun  5"  2  Gun  3" 

5CP  5CP  3FP 

SIP  2AP 

Screens:  PI.  P2,  P4.  PS.  P7,  Pll. 

0DUAL  CHANNEL  OSCILLO. 
SCOPES  and 

^  STANDARD  AND  TELEVISION 
TUBES 

Information  on  Roquosf 


ELECTRONIC  TUBE 
CORPORATION 

1200  E.  MERMAID  AVE. 
PHIIA.  18,  PA. 


r 


searching  and  distributor  circuits; 
3-wire  and  2-wire  driving  circuits 
in  which  the  driven  switches  are 
actuated  by  pulses  set  up  by  low- 
speed,  medium-speed,  and  high¬ 
speed  impulse  generators.  Other 
kinks  described  are  circuits  for 
obtaining  an  operating  delay,  a  re¬ 
lease  time  delay,  the  restoration 
or  regeneration  of  attenuated 
pulse  signals,  a  counting  and  total¬ 
izing  system,  and  “circuit  failure” 
and  “come  clear”  signals. 

The  construction  and  operation 
of  three  classes  of  stepping 
switches  are  described :  Single¬ 
motion  switches — around  "and  re¬ 
turn;  single-motion  switches — uni¬ 
directional  rotary;  and  two-motion 
switches — up,  around  and  return. 
— J.K. 

•  •  • 

Music  and  Sound  Systems 
in  Industry 

By  Barbara  Elna  Benson.  McGraw- 
Hill  Book  Co.,  New  York  18,  N.  Y., 
124  pages,  $1.50. 

The  use  of  music  as  a  morale¬ 
building  instrument  in  industrial 
plants  to  cushion  the  slumps  in  ef¬ 
ficiency  of  workers  has  had  a  tre¬ 
mendous  spurt  during  the  war. 
This  book  is  a  concise  treatment  of 
present-day  practices  with  respect 
to  the  use  of  music  in  industry.  It 
is  divided  into  five  chapters — The 
Organization  of  an  Industrial 
Broadcasting  System,  Program¬ 
ming  Music  for  Industry,  Broad¬ 
casting  for  Industry,  Scientific  Re¬ 
search  on  Music  in  Industry  and 
The  Evolution  of  Industrial  Broad¬ 
casting  and  Conclusions.  There  is 
also  an  excellent  bibliography  on  the 
subject  and  a  lengthy  list  of  record 
titles  with  indications  of  the  vari¬ 
ous  times  during  the"  day  for  which 
each  is  best  suited.  There  is  no  for¬ 
mal  discussion  of  equipment  used 
as  such,  but  comments  scattered 
throughout  the  book  point  out  the 
advantages  and  limitations  of  dif¬ 
ferent  kinds  of  systems. — K.S.P. 

A  buoyant  cable  is  made  by  Ana¬ 
conda  Wire  and  Cable  Co.  which  is 
carried  on  a  reel  aft  of  a  ship  and 
fed  out  like  a  trolling  line.  As 
the  ship  travels  its  course,  the 
electrically  charged  cable  sets  up 
a  magnetic  field  over  an  extensive 
area  and  submerged  mines  explode 
harmlessly. 


Professional 

Services 

Research  Production 

Design  Management 

Development  Sales 

Publications 

ASSOCIATED  ELECTRONICS 
CORPORATION 

Complete  Engineerinf  Service  for  all  Indiutriet 
ItESEABCU  MANAQKHENT 

UKVBLOPMENT  PRODUCTION 

DESIGN  PUBLICATIONS 

132  Nassau  Street,  Neu>  York,  7,  N.  Y. 

251  Kearney  Street,  San  Francisco,  8,  Cri. 

MICHAEL  BOZOIAN 

Consulting  Service  In  Electronics 
Instrumentation  &  Controls  Design — Develop¬ 
ment — Models  Literature  &  Patent  Surveys 
Recommendations  For  Now  Laboratories 
Telephone  8521 

702  Fifth  Street  Ann  Arbor,  Midi, 

STANLEY  D.  EILENBERSER 

Consulting  Engineer 
INDUSTRIAL  E3LECTRONICS 

Ueelgn — Development — Models 
Complete  Laboratory  and  Shop  Farllltiee 
6309-13— 27th  Ave. 

Kenoeha,  Wie.  Telephone  2-4213 

ELECTRONIC  ENGINEERS 

Designers  and  Consultants 

Design  for  Manufacture — Itadio  and  Electronle 
products  designed  to  your  specifleations 
Engineering  models  I’roduction  drawinp 

Consulting — Radio  and  Electronic  Problemi 
Complete  Development  and  Research  Laboratories 
Branch  OIBce  Near  Chicago 

611  E.  Garfleld  Ave.  Glendale,  Califernli 

DON  FOSTER 

Engineering  Consultant 

Electrical  Speciallit  In  Mechanicsl 

Analysis  Sound  and  Electronics  Developmeot 

30  Burns  Ave.,  Wyoming  15,  Ohio 

PAUL  E.  SERST  &  CO. 

CONSULTING  ENGINEERS 
SperlaUsta  In 

Electrical  Product  Design 

El.  Machinery,  Apparatus  &  Applications 

EL  Appliances,  Hi-Frequency  Apparatus 
Electronics,  Radio  Communication. 

205  W.  Wacker  Dr.  Chicago  6,  W- 

HODGSON  &  ASSOCIATES 

1‘hyMicH,  MatheinatlcH,  Rencarch,  DescloP* 
mciit  &  Patent  CoiiNUltaiitM. 

Satisfaction  guaranteetl.  Submit  your  problwi 
for  a  preliminary  survey  without  cost. 

Box  874  Sherman  Oaks,  Califonils 

JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrical  and  Mwhanlcal 

Instruments  and  Control  Devices  Elearom 

Specialists  in  Colorimetry,  Sitectophotometry 
Industrial  Color  Control 

Laboratory  and  Shop  Faculties  . 

202  Darby  Road  Llanerch,  ra 

Phone  Hilltop  8910  ^ 
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METAL-COATING  PROCESS 


•  FAST  AND 
ECONOMICAL 


•  FOR  HEAVIER 
COATINGS 


REQUIRES  ONLY  RAPID  ELECTROLYTE— RAPID 
METAL  CLEANER— RAPID  APPLICATOR 

•  Plating  current  is  obtained  irom  dry 
cells,  storage  battery,  or  any  convenient 
course  of  direct  current  at  3  to  6  V..  or 
use  Rapid  Plating  Rectifier  for  heavy 
work. 

•  For  silver  surfacing  bus  bar  connec¬ 
tions,  lugs,  switch  blades,  etc.  For  plat¬ 
ing  or  touching  up  miscellaneous  sur¬ 
faces  with  cadmium,  nickel,  sine,  copper 
ond  gold.  Building  up  limited  areas. 
Hard  surfacing  wtih  nickel.  Used  in 
shop  or  field.  Special  applicators  de¬ 
signed  to  speed  up  production  line  Jobs. 

Our  laborafory  Is  glad  io  cooperate. 

No  obligation 

Rapid  Electroplating  Process,  Inc. 

1414  S.  Wabash  Ave.,  Chicago  5,  III. 

421  Graybar  Bldg.  237  Rialto  Bldg. 

N*w  York,  N.  Y.  San  Francisco,  Calif. 


not  a  speck  of  dust- 
but  actually  an 


Socket,  Self  Locking  Set  Screw 

with  Knurled  Point 


Pst’d.  A  Pat*.  Pend. 


Incredibly  small,  but  having  all  the  outstanding  features  of  their  more 
grown-up  counterparts,  these  "Unbrako"  Socket  Set  Screws  are 
avmloble  for  the  rigid  reguirements  of  the  electrical  manufacturing 
They  combine  accuracy,  hardness,  and  strength  while 
me  knurling  of  the  point  makes  the  "Unbrako"  a  Self-Locker — that  is. 
It  won  t  be  loosened  by  vibration,  because  the  knurls  dig  in  and 
hold  fast. 

The  hex  socket  permits  application  in  close  guarters. 

Sizes  from  #0  to  1"  in  diameter;  all  commercial  lengths. 

Write  for  the  catalog  of  "Unbrako"  Socket  Screw  Products. 


OVER  40  YEARS  IN  BUSINESS 

f  STANDARD  PRESSED  STEEL  CD. 

P’  JENKINTOWN,  PENNA.  BOX  596 

-  BRANCHES  - 

BOSTON  •  DETROIT  •  INDIANAPOLIS*  CHICAGO  •  ST.  LOUIS  •  SAN  FRANCISCO 


RESISTANCE 

WIRE 

ALLOYS  FOR  EVERY  PURPOSE 

ALLOY  "A" — Nickel  -  chromium;  non¬ 
magnetic;  spec,  resistance  650 
ohms/CMF. 

ALLOY  "C"  —  High  resistance  to 
oxidation  and  corrosion;  for  electron¬ 
ics  and  industrial  equipment. 

ALLOY  "D"  —  Nominally  30%  nickel, 

15%  chromium,  balance  iron.  Speci¬ 
fic  resistance  600  ohms/CMF. 

ALLOY  "45"  —  Copper  -  nickel  for 
winding  precision  resistors.  Constant 
resistance  over  wide  range  of  temp¬ 
eratures. 

kanthal  —  Now  available;  we  will 

be  pleased  to  supply  data  for  your 
post-war  requirements. 

KnC.  0.  JELLIFF  MFR.  CORP. 

'23  PtqHot  Rd.  Southport,  Conn. 

electronics  — September  1945 


Capacitors 


of  Timc-TestedOlwlly 


Illinois 

CONDENSER  COMPANY 

1160  N.  HOWE  ST.  •  CHICAGO  10,  ILL. 
Manufacturers  of  Oil,  Paper 
and  Electrolytic  Capacitors 


ALDEN 

FUSEHOLDER 


Here  is  a  patented  fuse- 
holder  that  uses  the  machines 
and  tools  in  your  assembly 
line.  It  eyelets  or  rivets  in 
place,  has  spring  to  eject 
burned  out  fuse,  prevent 
raffle,  and  open  side  contact 
for  easy  removal  of  fuse  ends 
when  glass  breaks. 


ALDEN  PRODUCTS  COMPANY 

BROCKTON  64E.  MASS. 


ii'nninniiiiiiiuiniinitiiiiiniiiiiniiiiiiiiuiiiii? 


DRAKE  MANUFACTURING  CD 


1713  WEST  HUBBARD  ST.,  CHICAGO  22,  U.S.A 


ELECTRIC 


PLANTS 


Backtalk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 

has  published. 

Signal  Level 

Gentlemen : 

Mr.  Charles  E.  Gardiner,  in  the 
Backtalk  department  of  the  June 
issue  of  Electronics,  suggests  the 

symbols  and  to 


Length  A  to  B:  1 


seari 


The  clear,  colorless,  plastic  dome  .  .  . 
a  feature  of  the  new  Drake  No.  51N 
permits  the  Neon  glow  to  be  observed 
from  all  angles.  This  new  assembly  ac¬ 
commodates  the  NE51  Neon  glow  lamp 
which  gives  long¬ 
er  life,  ( 3,000  hrs.) 
rrV  ^  low  power  con- 

♦  \  / _  \  /  sumption  (1/25 

watt)  and  shock- 
proof  construG- 
tion.  A  built-in 


resistor  permits  direct  connection  to 
115  volt  circuits.  Furnished  with  three 
1/16"  thick  fibre  spacing  washers 
which  are  removable  when  unit  is 
mounted  in  thick  panels  thus  keeping 
Neon  glow  at  top  of  dome.  The  new 
No.  51N  is  only  one  of  many  fine 
Drake  Socket  and  Jewel  Light  Assem¬ 
blies;  many  incorporating  patented 
features  developed  by  our  research 
staff.  Do  you  have  an  up-to-date  Drake 
catalog? 


30  db  above  1  watt.  Without  any 
explanation  of  symbolism,  the 
usual  practice  is  that  the  numerator 
be  read  first,  which  would  make  the 
former  appear  to  be  1  volt  above 
100  db.  I  would  suggest,  instead, 
100  db\l  V  and  30  db/1  w —  in 
other  words,  \  for  “below”  and  /for 
“above.”  No  hardship  on  Mergen- 
thaler,  either. 

6.  Hara 

New  York,  H.  1. 


SOCKET  AND  JEWEL  LIGHT  ASSEMBLIES 


Pickup  Terminology 

Gentlemen : 

The  object  of  this  letter  is  to  call 
your  attention  to  an  error  in  your 
June  1945  issue,  page  108,  Moving- 
Coil  Pickup  Design. 

Whether  a  moving  conductor  cuts 
the  flux  lines,  or  the  flux  lines  cut 
a  stationary  conductor  is  of  no  con¬ 
sequence,  so  long  as  the  final  results 
are  what  is  desired.  It  is  specifically 
the  writer’s  wish  not  to  go  into  any 
discussion  of  the  merits  or  demerits 
of  the  general  structure  of  the  de¬ 
vice  in  question.  However,  as  de¬ 
scribed,  the  device  is  actually  a 
“moving  inductor”  type,  and  the 
voltage  generated  in  the  coil  is  due 
to  variation  in  reluctance  between 
the  magnet  poles  and  the  vibrating 
steel  tube — or  armature. 

As  a  matter  of  fact,  the  vibrat¬ 
ing  mass  would  be  much  lower  and 
the  results  better,  if  the  coil  were 
stationary  and  not  carried  by  tb« 
moving  steel  tube.  To  the  writer,  it 
appears  that  originally,  the  coil  was 


Electricity 


FOR  ANY  JOB 
—ANYWHERE 


★  ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electric  service 
for  electronics  applications  as  well  as  for  scores 
of  general  uses. 

Driven  by  Onon-built,  4-cycle  gasoline  engines, 
these  power  units  are  of  single-unit,  compact  de¬ 
sign  and  sturdy  construction.  Suitoble  for  mobile, 
stationary  or  emergency  service. 


"Models  range  from  350  to 
35,000  watts.  A.C.  types  from 
115  to  660  volts;  50,  60,  180 
cycles,  single  or  three-phase; 
400.500,  and  800  cycle,  single 
phene;  also  special  frequencies. 

D.  C.  types  range  from  6  to 
4000  volts. 

Dual  voltage  types  available. 
Write  for  engineering 
assistance  or  detailed 
literature". 


3268  Royalston  Ave. 
Minneapolis  5,  Minn. 


D.  W.  ONAN  &  SONS 
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SEARCHLIGHT  SECTION 


. . Oil . . 

YOUR  NEXT  JOB 

when  your  war  work  is  completed, 
may  wisely  be  chosen  with  a  con¬ 
cern  having  a  starred  Army-Navy 
E,  an  AAAI  credit  rating,  and  94 
years  of  steady  progress  in  its 
field.  Physicists,  mechanical  or 
electrical  engineers,  preferably 
with  some  experience  in  small 
mechanisms,  are  needed  for  re¬ 
search,  design,  or  test  programs  at 
our  Rochester  plant.  Living  condi¬ 
tions  are  good.  Applications  will 
held  confidential,  but  WMC 
regulations  will  be  observed.  Apply 
by  letter,  giving  details  of  your 
education,  experience,  and  present 
status,  to 

Director  of  Research 

Taylor  Instrument  Companies 

lox  NO,  Rochester  I,  N.  Y. 


WiHUliOIIIMIIIIIIIIMIOIIMIIII 


"III . . 


WANTED 

Research  Design  and 
Development  Engineers 

or  large  capacitor  plant  loca¬ 
ted  in  Southeastern  Massa¬ 
chusetts. 

Post-War  opportunities  for 
qualified  engineers. 

Write  letter  giving  full  details 
of  experience,  training,  and 
wlory  expected. 

Applicants  will  be  hired  in 
accordance  with  the  Area 
Stabilization  Plan. 

P-892,  Klectronics 
no  West  42nd  St.,  New  York  18,  N.  T. 


MinilMMHIMMIIIMMIIIIIinilllilMMII 


MttMHlIMMIMIIINIHIIHMM 


lADIO  ENGINEER 

Several  years  experience  on  radio 
receivers  and  associated  equip- 
nrent  desirable. 

Circuit  development  and  me¬ 
chanical  design. 

Knowledge  of  production  test 
procedure  and  test  equipment. 

Opportunity  in  new  division  in 
®*tablished  firm. 

I  Post  war  future. 

PREMIER  CRYSTAL 

laboratories,  INC. 

M  PARK  ROW 


N.  Y.  C. 


•tfMMIfllllNiniMllllllfllllllMIIM 
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TECHNICAL 
HELP  WANTED 
ENGINEERS 

Electronic  -  Mechanical 


LABORATORY  ASSISTANTS 

Electronic  Experience 

MALE  or  FEMALE 


DRAFTSMEN 
SPECIFICATION  WRITERS 
CHEMIST 

Fluorescent  Experience 

PATENT  ENGINEER 


ALLEN  B.  DU  MONT  LABORATORIES,  INC. 
PASSAIC.  N.  J. 


EXECUTIVE 

Manufacturing  corporation,  international 
in  scope,  with  a  tales  volume  of  approxi¬ 
mately  40  million  dollars  a  year,  in  radio, 
electrical  business,  can  use  the  services 
of  a  top  ranking  executive  ofRcer,  pre¬ 
ferably  a  man  under  40  with  manufac¬ 
turing  and  general  executive  experience. 

This  is  a  fast  growing  young  organixa- 
tion  and  can  offer  unparalleled  oppor¬ 
tunity  to  the  right  man,  with  a  salary 
commensurate  with  his  ability. 

P-889,  Electronics 

330  West  42nd  St.,  New  York  18,  N.  Y. 


REPAIR  MEN  WANTED 

With  some  knowledge  of  Radio, 
Motors  or  Electro-Medical  Equipment, 
to  learn  how  to  service  such  Apparatus. 
Oldest  est.  mfr.  Jobs  will  lead  to  im¬ 
portant  sales  or  service  positions  in 
Chicago  or  other  cities.  Good  starting 
pay.  Thorough  instruction. 

McIntosh  Electrical  Corporation 

223-233  N.  California  Avenue 


Chicago  12,  Illinois 


HELP  WANTED 

TRANSFORMER  & 
SMALL  ELECTRIC 
MOTOR  MEN 

ENGINEERS 
DESIGNERS 
DRAFTSMEN 
&  Patent  Draftsmen 
TECHNICIANS 

For  war  time  and  post-war  design 
and  development  ot  intricate,  special¬ 
ised,  hermetically  sealed  transformers, 
and  spscial  purpose  fractional  h.p. 
motors. 

Writs  giving  details  about  ago.  ox- 
porionco,  past  salaries  to 

SPERRY 

GYROSCOPE  COMPANY,  INC. 
Rotoarek  Laboratories 
Stewart  Avo.  A  CHatoa  Rd. 
Gordon  CHy.  Now  York 


ItlMHOMMMHMHMMIItNMIlllSSIStMISMM 


Permanent  Empinyment 
Executive  Engineer 


Leading  eastern  manufacturer  oi  elec¬ 
tronic  equipment  requires  graduate 
E.  E.  with  proiect  engineering  expe¬ 
rience  to  be  responsible  for  administra¬ 
tion  of  all  engineering  and  research. 
Immediate  and  post-war  opportunity. 

I  P-871,  Electronics 

330  West  42nd  St.,  New  York  18,  N.  Y. 


feSiSestllMHI»M*****f»**t***M8*t*******"************************'***********************************f 

WANTED 

AeouNlical  Engineer 

Preferably  with  E.E.  Degree  to  work  in 
the  field  of  microphones,  phones,  and  su- 
personics.  Our  employees  know  of  this  ad. 

P-903,  Electronics 

520  North  Michigan  Ave.,  Chicago  11,  111. 


ELECTRONIC  ENGINEER 

At  rettareh  snd  detlgn  tmlnMr  with  vacuum  tubs 
hearing  aid  company.  Mutt  be  graduate  E.E.  8om# 
electronic  and  aeouttleal  oxperlenoo  dotirod.  Un- 
utusi  opportunity  to  progrott  with  sggrottivo  com. 
pany.  Compentatlon  tocondary  to  provable  ability. 
Permanent  petition.  Detcribo  education,  axparloneo, 
aptitudee  and  age.  State  talary  datirad.  Apply  In 
complete  confldenco. 

P-873,  Klectronics 

. ■330.\yM..«.?.»d..8t,,..New„York_18.„N^ 


Wanted 


RADIO  DESIGN  ENGINEERS 
ELECTRICAL  &  MECHANICAL 

Experienced  in  receiver  design 

FM  A  TMevition  exp.  Dotirod  but  not  ettontial 
Good  opportunity  for  future  on  War  &  Post-War  development 

‘Emerson  Badm 

&  PHONOGRAPH  CORP. 

97  8th  Avo.  (14  St.),  Now  York,  N.  Y. 
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(Continued  from  page  416) 
put  was  much  too  low,  the  steel 
tube  was  then  added.  This,  of 
course,  increased  the  output  as  a 
result  of  variation  of  the  reluctance 
in  the  gap. 

N.  Payne 

Nvvd  York,  X.  Y. 

Dear  Mr.  Payne : ' 

I  can  easily  understand  how  you 
might  get  the  impression  of  a  mov¬ 
ing  inductor  after  reading  the 
article.  The  coil  wound  on  the 
sleeve  rocks  through  a  very  small 
angle  on  its  own  center  so  that  any 
magneto-inductive  action  of  the 
sleeve  essentially  cancels  out. 

In  other  words,  if  it  were  possi¬ 
ble  to  support  the  coil  in  its  present 
position  and  rock  the  stylus  and 
sleeve  only,  little  output  would  re¬ 
sult,  as  the  top  half  of  the  sleeve 
would  approach  slightly  say,  the 
North  pole,  and  its  effect  of  chang¬ 
ing  the  reluctance  of  the  gap  would 
be  nearly  cancelled  by  the  corre¬ 
sponding  opposite  motion  of  the 
bottom  half  of  the  sleeve. 

The  only  real  reason  for  using 
the  sleeve  is  to  raise  the  flux  in  the 
gap  and  concentrate  the  flux  lines 
through  the  sides  of  the  coil.  Fur¬ 
ther,  if  this  device  relied  upon  an 
armature  of  the  type  Mr.  Payne  has 
in  mind,  its  performance  would  de¬ 
pend  upon  the  linearity  of  the  metal 
used.  In  this  case  the  sleeve  is  ac¬ 
tually  saturated  at  all  times  and  the 
output  remains  as  that  of  a  moving 
coil  except  for  the  considerable  in¬ 
crease  in  efficiency  as  a  result  of  the 
intensified  and  controlled  gap. 

T.  W.  Lindenberg 

Fairchild  Camera  &  Instrument  Corp. 

Jamaica,  N.  Y- 


A  LIST  of  the  important,  BIG  users  of  Stronghold  Fasteners 
reads  like  the  "WHO'S  WHO"  of  American  Industry:  but 
in  addition  there  are  many  hundreds  of  comparatively  small 
users  who  'also  depend  upon  Stronghold.  All  of  them,  big  and 
little,  have  found  Stronghold  a  DEPENDABLE  SOURCE  OF  SUP¬ 
PLY — both  as  to  quality  of  product  and  quality  of  service.  May 
we  quote  on  your  own  requirements? 


A  SLEEK  new  multi-use  multi-drive  Stronghold  improvement 
upon  the  ordinary  machine  screw.  It  has  so  many  me¬ 
chanical  and  use  advantages  that  we've  prepared  a  special 
folder  to  give  you  all  the  facts  about  it.  May  we  send  you  a 
copy? — and  samples? 

MANUFACTURERS  SCREW  PRODUCTS 

270  W.  Hubbard  St.  Chicago  10.  Ill. 

It’s  Faster  to  Telephone  —  Call  WHITEHALL  4680 


put  this  RELAY 
to  work  with 
electronic  tubes 


e  However,  mercury-pltinger  relays  by  H-B 
Instrument  are  not  limited  to  tube  applica¬ 
tions  but  may  be  used  for  practically  any 
timing,  load  or  control  circuit.  They  are 
available  for  a-c  up  to  440  volts  and  for  d-c 
up  to  250  volts,  with  contact  capacities  as 
high  as  30  amperes.  All  have  hermetically 
sealed  mercury-to-mercury  contacts  which 
are  positive,  chatterless  and  noiseless,  with 
no  exposed  arc.  Unique  crovm-shaped  wire 
guide  holds  plunger  straight  and  friction- 
free.  A  faster,  cleaner  break  results.  Service 
life  is  prolonged.  Get  quotation  on  your 
requirements.  H-B  Instrument  Company, 
2524  No.  Broad  St.,  Philadelphia  32,  Pa. 


Radar  on  Iwo  Jima 


U.  S.  Anny  men  place  sondbage  aronn^ 
a  truck  containing  plone-detectiw 
equipment  used  in  conjunction  wiB> 
antiaircraft  guns  on  Iwo  Jhna 
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Amprrex  Type  889  Transmitting  Tube.  Fila¬ 
ment  “voltage,  11  volts.  Filament  current,  125 
amperes.  Amplification  factor,  21.  Direct  inter- 
electrode  capacitance:  grid  to  plate,  17.8  y.gf ; 
grid  to  filament,  19.5  /igf ;  plate  to  filament, 
2.5  g/if.  List  price,  $175.03. 


Many  standard  typ«s  of 
Amporox  tubas  aro  now 
availablo  through  load* 
ing  radio  oquipmont  dis¬ 
tributors 


Amperex  Type  889-R  Transmitting  Tube.  Filament 
voltage,  11  volts.  Filament  current,  125  amperes. 
Amplification  factor,  21.  Direct  interelectrode  capac¬ 
itance:  grid  to  plate,  20.7  fi/if ;  grid  to  filament, 
19.5  isuf:  plate  to  filament,  2.5  ugf.  List  price, 
$325.00. 


25  Washington  St.,  Brooklyn  1,  N.Y.,  Export  Division:  13  E.  40th  St..  Now  York  16.  N.  Y..  Cablos:  “Ariab^* 
Canadian  Distributor:  Rogers  Majestic  Ltd.  •  622  Fleet  Street  Wost,  Toronto 


BW  :  1 1 I  V.. 
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bos  orig'"®'  .  ,  Depe"'*°'’'  ^c.rfor  wWe''  '  ■  ue«er,  cKeoper— 


d  .  ’qrr.  .  .  that  is  bow  one  electronic  heat 

Renerator  manufacturer  describes 
Amperex  tubes.  If  your  equipment  is 
riRht,  Amperex  Special  Application 
Knyineering  will  help  you  make  it  better.  De¬ 
pendable  operation  is  assured,  replacements  mini¬ 
mized,  and  greater  value  per  dollar  expended 
may  be  anticipated. 


THE  AMPEREX  SPECIAL  APPLICATION 
ENGINEERING  DEPARTMENT 


.  .  .  Amperex  Special  Application  Engineers  have 
nothing  to  sell.  Their  job  is  to  work  with  you  on  the 
development  of  new  equipment  or  the  improvement 
of  present  products.  Their  time  and  knowledge  is 
yours  for  the  asking,  without  charge  or  obligation. 


AMPEREX  TUBES... 


RESERVE 

CAPACITY 


...  for  dielectric  heating  applications  are  avail* 
able  in  25  different  types,  operating  with  remark¬ 
able  efficiencies  at  frequencies  ranging  from  20 
to  120  megacycles.  Write  for  the  Amperex  catalog. 


.  .  .  the  measure  of  tube  life  is 
in  the  reserve  capacity  of  the 
tube.  Because  of  novel  design, 
Amperex  high  frequency  tubes 
may  be  used  at  plate  voltages 
and  plate  power  inputs  suffi¬ 
ciently  high  to  allow  power 
outputs  at  maximum  rated 
watts  per  tube. 


Amperex  Type  235-R  Transmitting  Tube.  Fila¬ 
ment  voltage,  14.5-15.0  volts.  Filament  current, 
39.0  amperes.  Amplification  factor,  14.0.  Grid 
to  plate  transconductance  at  500  ma.,  6500 
micromhos.  Direct  interelectrode  capacitance: 
grid  to  plate,  9.0  figf;  grid  to  filament,  10.0 
titif;  plate  to  filament,  1.5  figf.  List  price, 
$125.00. 
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radar  at  sea . . . Cover 

Radio  detecting  and  ranging  antennas  are  shown  atop  the  "island"  of  the  aircraft  carrier  U.  S.  S.  Bennington  (Navy  photo) 

radar  warfare  . . .  92 

The  technical  factors  behind  the  uses  of  the  electronic  device  contributing  most  to  victory 

FINGERTIP  CONTROL  FOR  FORMATION  FLYING,  by  D.  G.  Taylor  and  G.  Volkenant .  98 

Newest  accessory  for  C-l  electronic  autopilot  permits  effortless  maneuvering  of  largest  bombers 

THF  MULTIPLE-RELAY  TELEVISION  NETWO^,  by  F.  J.  Bingley .  102 

Description  of  a  chain  through  which  video  programs  originating  in  Washington  are  telecast  in  Philadelphia 

THE  TECHNICAL  BASIS  OF  ATOMIC  EXPLOSIVES .  109 

Production  and  use  of  uranium-235  and  plutonium 

CRACK  DETECTOR  FOR  PRODUCTION  TESTING,  by  John  H.  Jupe .  114 

The  instrument  makes  use  of  skin  effect  to  determine  the  presence  and  depth  of  cracks  in  metals 
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